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Load  Analysis  Information 


Task 


"Prepare  the  load  analysis  information  in  a textbook-model 
problem  format.  This  format  is  to  allow  for  extrapolation  to 
other  sites  and  building  complexes. 

Model  Problem 


A Total  Utility  (T.U.)  preliminary  design  is  to  be  implemented 
at  any  1200  man  Regional  Standard  E.M.  Barracks  Complex  and  gene- 
rated from  the  1200  man  Regional  Standard  E.M.  Barracks  located  at 
Fort  Belvoir,  Va.;  incorporating  the  materials,  methods  fabrication 
and  construction  practiced  at  this  site.  This  preliminary  design 
incorporates  the  following: 

a.  T.U.  plant  that  can  supply  the  entire  site  with  electri- 
city, space  heating  and  cooling. 

b.  An  advanced  technology  sewage  treatment  facility  inter- 
faced with  the  total  energy  section  for  disposal  of 
sludge  and  primary  clarified  effluent. 

c.  An  incinerator  for  disposal  of  barracks  and  mess  facility 
burnable  tra^h  interfaced  with  the  TU  plant  through  heat 
recovery  and  thermal  storage  facilities. 

d.  Major  equioment  selections  for  the  T.U.  plant. 

e.  All  demand  load  profiles  for  the  site. 

Electrical  Profile 


The  first  step  in  any  Total  Utility  (TU)  study  is  to  make  an 
analysis  of  the  electrical  loads  throughout  the  site  (per  building) . 
This  data  is  then  translated  into  profiles  representing  the  varia- 
tion of  load  demand  during  a 24  hour  period  for  typical  weekday 
and  weekend  occupancy.  The  profiles  produced  from  the  electrical 
survey  are  fairly  representative  of  similar  military  installation; 
only  the  level  of  loads  will  vary.  Fig.  la,  b,c  and  d are  the  cal- 
culated profiles  for  the  entire  site  and  were  derived  by  analysing 
the  electrical  loads  for  each  building,  determining  the  building 
essential  or  base  loads,  selecting  the  typical  profile  slope  for 
this  site  and  then  applying  actual  demand  loads.  The  electric 
load  profiles  are  an  important  key  to  this  design  since  they  lay 
the  basis  for  selecting  the  number  and  size  of  engine  generators 
and  also  determine  the  major  portion  of  recoverable  heat  available 
to  the  plant. 


Thermal  Calculations 


Using  the  architectural,  structural,  mechanical  and  electri- 
cal plans  and  specification,  the  designer  can  determine  manually 
or  with  the  aid  of  a computer  program  the  total  estimated  maximum 
heating  and  cooling  loads^  for  each  building  in  the  site.  Because 
the  TU  plant  is  located  on  a military  reservation  weather  data  used 
in  the  load  calculation  must  be  extracted  from  "The  Department  of 
the  Army  Technical  Manual  TM5-785  AFM  88-8  Chapter  6.  Fig.  2 is 
the  resultant  thermal  load  calculations  summarized  by  building  and 
including  the  existing  electrical  loads  and  the  surveyed  population 
counts . 


Computer  Study 

Because  of  the  coincidental  and  summary  loads  on  the  site 
which  the  plant  must  serve,  the  design  should  employ  a recognized 
energy  system  program  to  develop  the  data  for  thermal  profiles  and 
for  the  selection  of  the  major  thermal  equipment.  The  manually 
calculated  data  must  be  reorganized  in  a manner  as  shown  on  Fig.  3 
"Computer  Loading  and  Summarized  Data"  inorder  to  be  fed  into  the 
computer . 


The  Ross  F.  Meriwether  Energy  System  Series  Program  was  selec- 
ted for  the  Ft.  Belvoir  study  running  only  the  following  sections: 

a.  ERE  Energy  Requirement  Estimate 

b.  ERD  Energy  Requirement  Estimate  Read  out 

c.  TCR  Total  Coincident  Requirement 


This  task  required  only  the  above  (3)  series  since  it  was  not 
required  to  determine  the  total  energy  consumption  or  to  match 
various  combinations  of  generating  and  thermal  equipment.  The 
(ERE)  phase  of  the  program  produces  the  thermal  and  electrical 
demands  for  each  building  in  the  complex  every  hour  of  the  year 
while  the  ERD  phase  reads  this  data  for  certain  selected  days  on 
a 24  hour  basis.  The  output  from  this  phase  of  the  program  is 
then  used  to  prepare  the  family  of  profiles  such  as  heating,  cool- 
ing and  domestic  hot  water.  All  of  the  buildings  are  summarized 
coincidently  under  the  TCR  section  of  the  program.  This  information 
nl lows  us  to  make  equipment  selections  and  determine  the 
maximum  recoverable  energy.  Fig.  4a,  b,c  and  d,  Fig.  5a  and  b; 
and  Fig.  6a,  b,  c and  d are  the  heating,  cooling  and  domestic  hot 
water  profiles  for  the  Ft.  Belvoir  site.  You  will  note  that  the 
curves  cover  a 3 dayperiod  representing  weekdays  and  weekends. 


ASHRAE  Guide  Chapter  30,  1970. 
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The  total  loads  for  all  buildings  combined  Fig.  7 also 
results  from  the  TCR  section  of  the  program  and  delineates  the 
total  monthly  heating,  cooling,  domestic  hot  water  and  electri- 
cal loads  during  the  year.  For  each  kilowatt  hour  generated 
4000  BTU  can  be  recovered  and  reused;  thus  if  we  deride  the 
recovered  heat  to  the  total  heat  required  the  produce  equals  the 
possible  energy  saved.  This  can  be  directly  converted  into  fuel 
input.  Fig.  8 indicates  a family  of  curves  describing  the  energy 
required,  the  energy  recovered  and  the  percentage  of  fuel  saved. 
Algebracially  these  curves  describe  all  comparable  sites  except 
for  the  numerical  values  will  vary  with  geographic  location  and 
military  usage.  At  this  point  into  the  study,  the  designer  can  reach 
a milestone  decision.  Does  the  possible  energy  savings  warrant 
finishing  the  preliminary  design  inorder  to  price  out  the  cons- 
truction of  this  TU  plant?  In  the  case  of  Ft.  Belvoir,  Va. , the 
possible  fuel  savings  of  (48%  or  40%)  maximum  to  (24%  to  19%) 
minimum  with  or  without  incinerator  assists,  justifies  that  the 
design  proceed  to  its  final  conclusion. 

Equipment  Selection 

The  engine-generators  serve  a dual  purpose  in  the  total  uti- 
lity system:  (1)  provide  for  the  electrical  energy  to  the  site 

and  plant;  (2)  provide  for  a major  portion  of  the  recoverable 
energy.  By  extracting  heat  from  the  exhaust,  the  engine  jacket 
and  the  lubricating  oil  coolers  approximately  4000  BTU  can  be 
recovered  for  every  kilowatt  hour  generated.  Primarily  the  gene- 
rators should  satisfy  the  peak  electrical  load  which  reaches  1157  KW 
on  August  19  & 20  at  12  o'clock  noon  Fig.  lc.  The  equipment  load 
was  therefore  established  at  approximately  1200  KW.  Considering 
the  importance  of  reliability  and  redundancy  in  the  TU  plant,  the 
designer  therefore  selected  four  (4)  diesel  driven  engine-generators 
each  rated  at  600  KW  producing  480  KW  each  or  1440  KW  total  on  the 
line  with  one  (1)  engine-generator  in  reserve.  The  selection  of 
the  600  KW  unit  was  based  upon  manufacture  sizes  available. 

The  maximum  heating  required  by  the  site  was  established  by 
adding  the  peak  heating  load  on  January  23  (15717  MBTU/HR)  Fig.  5a 
and  the  peak  domestic  hot  water  load  (3517  MBTU/HR)  Fig.  4c. 

Fig.  la  shows  that  the  maximum  electrical  demand  on  January  23  was 
approximately  904  KW  which  would  result  in  a possible  recovery  of 
3,608  MBTU/HR.  With  this  recovery  credited  to  the  total  site 
requirement,  the  net  site  requirement  is  reduced  to  approximately 
(15,616  MBTU/HR).  Four  hot  water  boilers  at  5200  MBTU/HR  output  each 
were  selected  for  the  plant;  three  on  the  line  with  one  boiler 
in  reserve.  See  Fig.  10  showing  the  plant  equipment  selection 
and  thermal  balance. 
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The  effect  of  heat  recovery  from  incineration  did  not  enter  into 
the  selection  of  boilers  since  the  burning  was  assumed  on  a 7 hour 
5 day  week  operation  and  would  not  be  available  24  hours  a day. 
During  the  incineration  process  (1)  one  boiler  can  drop  off  the 
line. 


Refering  to  the  calculated  building  load  summaries,  the  esti- 
mated cooling  load  on  the  site  was  approximately  970  tons.  This 
information  was  input  into  the  computer  program  resulting  in 
chart  Fig.  9 Count  of  Hours  at  10%  Increments  of  Assumed  Peak 
Loads . This  chart  indicated  that  cooling  would  be  needed  up  to 
only  70%  of  the  assumed  peak  load  and  that  52%  of  the  cooling  hours 
would  operate  at  and  under  10%  of  the  assumed  peak  load.  This 
information  is  significant  because  it  allows  the  designer  to  select 
the  base  refrigeration  machine  and  the  absorption  machine.  The 
designer  selected  a 118  ton  electric  centrifugal  machine  because 
over  50%  of  the  operating  hours  were  in  this  range  and  the  total 
electrical  input  load  did  not  increase  the  size  of  the  generating 
units.  The  total  refrigeration  plant  should  be  sized  for  approxi- 
mately .70  x 970  = 680  tons  plus  parastic  load  Fig.  9.  Adding 
the  plant  parastic  load  and  subtracting  the  base  machine  load,  the 
designer  selected  an  absorption  unit  capable  of  producing  620  tons. 
During  the  summer  months, only  two  (2)  toilers  will  be  needed  to 
produce  the  required  heating  energy  (see  Fig.  10)  and  can  be 
reduced  when  the  incinerator  is  in  operation. 

Solid  Waste  System 

The  incinerator  with  heat  recovery  design  should  parallel  the 
generating  portion  of  the  (T.U.)  plant.  The  engineers  must  survey 
the  solid  waste  generated  in  each  of  the  sixteen  buildings  on  the 
site  as  to  quantity  by  weight,  type,  heat  content,  and  density 
(see  chapter  V ) . The  incinerator  recoverables  can  then  be 
matched  and  interfaced  through  a heat  exchanger  or  thermal  storage 
tank  to  increase  the  fuel  savings  to  the  total  system.  The 
designer  recommended  a 7 hour  burn  with  the  data  tabulated  in 
chapter  V. 

The  selection  of  the  incinerator  should  be  based  upon  the 
type  of  wastes  incinerated,  the  cost  to  operate  and  maintain  and 
the  compliance  with  present  emission  standards.  We  selected  a 
two  chamber  controlled  air  type  of  incinerator  for  the  Ft.  Belvoir 
project. 

The  size  of  the  building  housing  the  waste  disposal  system  is 
based  upon  the  size  of  the  incinerator  and  loader  selected,  also  the 
garbage  storage  and  the  operating  area  around  the  incinerator. 
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Heat  may  be  recovered  in  several  ways.  Using  an  integrated 
gas  to  water  heat  exchanger  with  the  incinerator  we  can  generate 
220°F  water  or  420°F  for  use  in  the  heat  producing  plant  or  the 
sludge  drying  exchanger.  If  the  above  method  does  not  apply  the 
flue  gases  from  the  incinerator  may  be  directly  introduced  to  the 
hot  water  boilers. 

Flow  Diagrams 


Once  the  major  equipment  has  been  determined,  the  designer 
should  proceed  to  prepare  block  or  flow  diagrams  for  the  thermal 
systems  such  as  hot  water,  chilled  and  condenser  water,  fuel  oil 
and  oil  cooler  flow  and  lubricating  oil  and  compressed  air  flow 
diagrams.  These  diagrams  are  represented  on  sheets  SKM-8,  SKM-9, 
SKM-10  and  SKM-12  and  indicate  primary  secondary  hot  water  systems 
as  a means  of  energy  transfer  in  the  plant. 


14 


FIG  la 


| 


GAiI2S-HOHOBS2I*-CAI.OGER 

CONSULTING  ENGINEERS 

*03  WI3T  WA CXI*  D*IV« 

CHICAGO,  ILLINOIS  60404 


of  " 

JobK^  4430 


Ml  US  FT  BEL  VOIR,  VIRGINIA 


F^_b 


E LECTRICAL  PROFILE  COMPOSITE 
JANUARY  22  d 23 


TUS  BUILDING  AND 
BUILDINGS  NO  I THRU  16 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 

TOTAL  KW  LOAD  - BUILDINGS  NO  I THRU  16 

TOTAL  KW  LOAD  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


FIG  lc 


GAiIZS-IIOHOSSE»-CAXOG2R 

C&T'p.  - C^Z~15_-7 6 CONSULTING  ENGINEERS 

aoa  WIST  WACXXA  OXIVi t 

CS*4.  -*/ CHICACO.  »LL»NO)3  CDaOi 


Ss>+#t d 

Job  No, .44.  ?0 


Pro.^ct  M1US  FT  BELVOIR,  VIRGINIA U 5 BUILDING  AND 

Fo,  E LECTRICAL  PROFI  LE  COMPOS  IT  E BUILDINGS  NO  I THRU  16 

AUGUST”  19  V 20 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 

TOTAL  KW  LOAD  - BUILDINGS  NO  I THRU  16 

TOTAL  KW  LOAD  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


f 


s: 


1200 
I 100 
1000 
900 
600 
700 
600 
500 
4 CO 
300 
200 
100 
• 0 


24 

W 


mi 

■ 

■ 

■ 

mm 

■ 

m 

■ 

■ 

■■■ 

8 

88 

8 

8 

HI 

■ 

■ 

H 

m 

■ 

■ 

■ 

■ 

m 

an 

g 

g 

8 

98 

g 

8 

8 

■ 

■ 

■ 

■ 

m 

■ 

■ 

m 

■ 

n 

1 

E 

■ 

■ 

g 

8 

g 

g 

8 

8 

■ 

■ 

■ 

■ 

m 

n 

■ 

m 

■ 

E 

H 

8 

g 

8 

8 

8 

■ 

■ 

■ 

■ 

■ 

■ 

a 

■ 

m 

m 

i 

■ 

8 

8 

8 

8 

8 

8 

8 

■ 

a 

i 

■ 

■ 

m 

■ 

i 

m 

■ 

g 

8 

8 

■ 

g 

■ 

8 

8 

■ 

■ 

m 

■ 

■ 

8 

m 

■ 

■ 

m 

■ 

■ 

9 

8 

8 

8 

i 

8 

8 

■ 

mm 

■ 

■ 

8 

■ 

■ 

■ 

■ 

■ 

■ 

g 

8 

g 

g 

g 

8 

8 

■ 

■■ 

■ 

E 

m 

■ 

■ 

■ 

■ 

8 

8 

8 

8 

8 

8 

8 

\tm 

mm 

* 

m 

m 

■ 

■ 

■ 

g 

■ 

8 

8 

g 

8 

g 

8 

m 

1 

m 

m 

m 

■ 

■ 

■ 

Ml 

■ 

g 

g 

g 

8 

8 

g 

8 

m 

m 

■ 

■ 

m 

m 

n 

m 

9 

8 

8 

8 

8 

■ 

■ 

■ 

■ 

Mi 

m 

IS 

8 

8 

8 

8 

8 

8 

■ 

■ 

■ 

■ 

fl 

■ 

■ 

■ 

8 

s 

8 

g 

g 

8 

■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 

g 

8 

8 

8 

8 

■ 

■ 

■ 

m 

m 

■ 

■ 

■ 

8 

8 

8 

8 

9 

8 

■ 

■ 

m 

■ 

rj 

m 

■ 

■ 

■ 

g 

8 

8 

g 

» 

8 

■ 

■ 

n 

■ 

■ 

■ 

■ 

■ 

8 

8 

g 

8 

8 

u 

■ 

9 

g 

■ 

9 

g 

8 

■ 

8 

i 

8 

£ 

i 

8 

■ 

■ 

■ 

■ 

■ 

■ 

8 

8 

g 

8 

g 

8 

■ 

■ 

■ 

■ 

■ 

■ 

8 

g 

g 

g 

g 

g 

8 

■ 

■ 

■ 

■ 

■ 

■ 

8 

8 

g 

g 

8 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

8 

g 

g 

g 

g 

g 

8 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

8 

88 

g 

■ 

g 

BASE 


BASE 


6 8 
-AM- — 


10  12  14  16  18  20  22  24 

>k PM — — d 

T I ME  OF  DA  Y 


17 


5.W 


.I;  g: 

g- 

~ 3 r 

~ sT 

VM 

l'? 

* 

*1  M 

O.  o. 

. r-. 

1 

. S 

^ & 

* — _S. 

t> r-  at 

_ $L 

: t 

•2  < 

— «v S 

Os 

S - 

^ Os 

O S. 

r* 

it 

£-& 

(S'!* 

[c-5  a 
r *.  x 

i & • 

' T- 

1 .$1 

1 ^ 

' *"  | 

i •»  | 

tZ~L 

Cotry.  3/- 


.7-15-76 


GaHZS>KOHOB£XNT-CAXX>OER 

CONSULTING  ENGINEERS 

XOB  VfU T WjLCXU  DAIVC 


CHICAGO,  lU-lHOi*  »o«o« 


P^MIUS  FT  BELV01R  . VIRGINIA 
pj  HEATING  PROFILE  COMPOS ITE 
JANUARY  22 


TUS  BUILDING  AND 
BUILDINGS  NO  I THRU 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 

TOTAL  MBH  LOAD.  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


I4,5Z4_ 

11,792 

1.1684.. 


8,952 


Comp.  M_..Rrt»Zll§.rZ6 

CUJ.  By CUH 


G AaiZE-KOROBEtN-  C AZXXiKR 

CONSULTING  ENGINEERS 
109  WIBT  WACKXA  D*IV« 

CHICAGO.  ILLiHOiB  *0+0* 


FIG  4b 

Sta-#* ©4  — 

uuku  4430 


p^MIUS  FT  BELV01R  , VIRGINIA  sw^TUS  BUILDING  AND 


^ COOLING  PROFILE  COMPOSITE 
AUGUST  19 


BUILDINGS  NO  I THRU  IS 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH 

LOAD  - 

BUILDINGS 

NO  I 

THRU 

16 

.TOTAL  MBH 

LOAD- 

BUILDINGS 

NO  1 

THRU 

16  & 

TUS  PLANT 

mm 


\mmmwwmmmwzMWMMi 


18  20  Z2  24 


TIME  OF  DAY 


GA5IZ2-Ko:RO  3KIN-C  AiOOEH 

C;ryp.  By_A  M CONSULTING  ENGINEERS 

308  W1JT  WAJCXJU*  DHIVt 

CSii  By  Chicago,  illinoib  bgaq* 


FIG  4c 


Joi.  No: 4.4  30 


M1US  FT  BELV01R  , VIRG1 N I A BLDG  NO  I THRU  6 J4  & 16  ONLY 

t..*  INDIRECT  (DOMESTIC  HW’)  PROCESS  PROFILE  - COMPOSITE 
JANUARY  22  & 23 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


i 2000 


m 


2 I V ! 1 LA 

I \ ! 1/ i | 
r I !’  t / j'  ' " i " T' 
iooo  > — 4 — ;-4-4-— 4- 


! i 


-fh 


rTT 


24  2 4 


4_i 144.  -- 

rr^  Mis 

8 10  12  14 


18  20  22  24 


TIME  OF 


GaHZS-KOROBKIN-CAIXWSER  FIG  5a 

Co-y.  D CONSULTING  ENGINEERS  SW erf 

_ . »0»  Wlir  WACK1N  D«IV«  . 4 4^0 

CiidL  Gy D*fe Job  No 

' CHICAGO,  ILL1HOII  *0*0* 

p^MIUS  FT  BELVOIR  , VIRGIN  I A S(rKk„  _J_U  S BUILDING  AND 
bJ  HEATING  PR  on  LE  COMPOSITE  _ BUI  EDI  NG  S NO  I THRU  16 
JANUARY  2 3 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


15000 


TOTAL  MBH 

LOAD 

BUILDINGS 

NO  1 

THRU 

16 

TOTAL  MBH 

LOAD. 

BUILDINGS 

NO  1 

THRU 

16 

TUS  PLANT 

AND 

SEWAGE  TREATMENT 

12  000 


9000! 


6000 


3 000 


) o 


24  2 4 


18  20  22  24 


TIME  OF  DAY 


MMJS  FT  BELVGIR  .VIRGINIA 


BUILDI  MG S NO  I THRU  16 


COOLING  PROFILE  COMPOSITE 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  - BUILDINGS  NO  I THRU  16 


TOTAL  MBH  LOAD  - BU  I LDI  NG  S NO  I THRU  16  & 
TUS  PLANT 


Gahzb-Korobbin-Cajloger 

Comp.  y A M cu4.7r  l6.-76  CONSULTING  ENGINEERS 

Mom  WUT  WAUUUI  DM  I VC 

py  Dj4« 

' CHICAGO.  ILLINOIS  SOSOS 


FIG  6a 

of  


US  FT  BELVOIR  r VIRGINIA  T US  BUILDING  AND 

V ')  c~  HEATING  PROFILE  COMPOSITE BUILDINGS  NO  I THRU  16 

JANUARY  24 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 


TOTAL  MBH  LOAD.  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


15000 


12  000 


S000 


GAMZE-KOHOaKIN-CAiOGEH  FIG  6b 

Camp.  Ey_A_M_D»f«Z_lS  -76  CONSULTING  ENGINEERS  SWt of 

Oii  By *”  W“T  WA=Xia  id,  Ha-.3A60_ 

* CHICAGO,  KXlNOI*  COAOA 

p^MIUS  FT  BELVOIR  a VIRGINIA  ^^.TUS  BUILDING  AND 
‘COOLING  PROFILE  COMPOSITE  BUILDINGS  NO  I THRU  16 


AUGUST  21 

PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL 

MBH 

LOAD- 

BUILDINGS 

NO  1 

THRU 

16 

•.TOTAL 

MBH 

LOAD  - 

BUILDINGS 

NO  1 

THRU 

16  & 

TUS  PLANT 

!■■■■■■ 

!■■■■■■ 


■nn 

iiiii 


18  20  22  24 


TIME  OF  DAY 


I 


* 


Comp.  Ry  A M dah7- 20-76 

CJid.  By D«H 


fcowM IUS_FT 


BELVOIR 


Gamze.Sohobsxn-Cai.ogeh 

CONSULTING  ENGINEERS 
aoa  ws3T  wacxxm  d*iv« 

CHICAGO.  ILUNOII 


FIG  6 C 


of 

job  N^-Ji.430_ 


v|RG|NI_ASWu,Ji!.pG  N0_ 


c_  INDIRECT  fDOMESTIC  H 
JANUARY  24 


THRU  6 J4  & IS  ONl 


PROCESS  PRO  FILE. -COMPOSITE 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


I 


f 


1 


Co,*p.  By  A M n^.7-20-76 

By D*f» 


Oi\MZS-KOHOBSIN- C AX.OGSH 
CONSULTING  ENGINEERS 

30*  WX9T  WACKO*  DAIVJK 
CHICAGO.  ILUHOI3  *0*04 


SW 

Jo*>  No^. 


FIG  6d 

of 


4430 


»^MIU5  FT  BELVOIR  , VIRGINIA  ^.^.BLDG  NO  I THRU  6 , 14  & 16  ONLD 

^INDIRECT  fDOMESTIC  HW)  PROCESS  PROFILE  - COMPOSITE 

AUGUST  21 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


; 


; 


% 


[ 

■ 


1 


Comp.  Oy 

Chid.  By D*H 


GaMZ2-EOSOB2C/ -C  AiOGEH 

CONSULTING  ENGINEERS 
»oa  w**r  wacxui  d*iv< 

CHJCAOO,  IU.IMOI#  «0«04 


FIG  3 


cd 

Jci  No.  ^ 4 3 0 


fcp^MIUS  FT.  BE LVOIR, VIRGINIA TOTAL  SITE 

^.ENERGY  REQUIREMENT  , RECOVERABLE  HEAT  & FUEL  SAVING’S 


A = ENERGY  REQUIRED 

B = RECOVERABLE  HEAT  WITH  INCINERATION 
C = RECOVERABLE  HEAT  WITHOUT 


INCINERATION 

0=  % OF  FUEL  SAVED  WITH  INCINERATION 


32 


FIG  1 0 


Fort  Belvoir,  VA. 
1200  EM  Barracks 


Plant  Equipment  Selection 
and  Thermal  Balance 


WINTER  OPERATION  - Jan.  23 

1.  Heating  Requirement  - Profile 

2.  Domestic  Water  Requirement 

- Profile 

3.  Total  Site  Requirement 

4.  Electric  Generation 

Select  4-600KW  diesel  generators 
3 on-line,  1 in  reserve 

5.  Heat  Recovered  from  engines 
902  x 4000 

6.  Net  Heat  Requirement 

7.  Select  4 boilers  each  5200MBH 
3 on-line,  1 in  reserve 


SUMMER  OPERATION  - Auc 


1.  Refrigeration  System  - 

Required  970  x .7  x 12,000 

1-118  ton  electric  centrifugal  uni 


1-620  ton  absorption  refrigeration 

unit 

Thermal  Requirements 
620  tons  x 17,000 
Domestic  Hot  Water 

Total  Site  Requirement 
Electric  Gen.  Heat  Recovery 
1157  x 4000 

Net  Thermal  Requirement  (Boiler) 

Total  Boiler  Capacity 

Total  Refrigeration  Capacity 


Site 

Heat 

Load 

Recovery 

BTU/HR 

BTU/HR 

15,717,000 

- 

3,517,000 

- 

19,224,000 

3,608,000 

15,616,000 

- 

8,148,000 

- 

- 

10.540.000 

3.500.000 

14.040.000 

9.412.000 

4,628,000 

Usable  Load 
Installed 
BTU/HR  KW 


1920KW 


20,800,000 

B/HR 


.,416,000 

B/HR 

120KW 

',440,000 

B/HR 


1,800,000 

1,856,000 
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Chapter  II 


SPECIFICATIONS  FOR  ENGINE/GENERATORS 


INDEX 

SEC.  1.0  ENGINE-GENERATOR  UNITS 

1.1.  Performance 

1.2.  Mounting 

1.3.  Pre-installation  Tests 

1.4.  Field  Testing  and  Startup 

1.5.  Field  Adjustment 


SEC.  2.0  ENGINES 

2.1.  General 

2.2.  Auxiliary  Lubricating  Oil  System 

2.3.  Governor 

2.4.  Safety  Controls 

2.5.  Vent 

2.6.  Starting 

2.7.  Starting  Controls 

2.8.  Turbo-Charger-After  Cooler,  Cooling  System 

2.9.  Jacket  Cooling  System 

2.10.  Oil  Cooling  System 


SEC.  3.0  GENERATORS 

3.1.  Capacity 

3.2.  Construction 

3.3.  Exciter 

3.4.  Operating  Characteristics 


SECTION  1.0  - ENGINE- GENERATOR  UNITS: 

1.1.  PERFORMANCE: 


1.1.1.  The  diesel  engines  and  generators  shall  meet  the  require- 

ments in  the  report  "A  Performance  Specification  for  a 
Total  Energy  Plant  at  the  Jersey  City  BREAKTHROUGH  Site, 
NBS  Report  10313,  date  and  specifica- 

tions for  engine/generator  automatic  control  system, 
chapter  3 , general  and  special  conditions  of  the 

contract . 

1.1.2.  The  generators  shall  meet  the  requirements  of  NEMA  Publi- 
cation MG  1-1967,  Part  22  or  latest  revision,  except  as 
superseded  by  provisions  of  NBS  Report  10313  and  specific 
provisions  of  this  specification. 

1.1.3.  Each  engine-generator  unit  shall  be  rated  at  the  selected 
KW,  at  specified  voltage,  60  Hz,  and  at  0.8  power  factor 
for  continuous  operation  at  1,200  RPM. 

1.1.4.  Each  engine  generator  unit  shall  be  capable  of  providing 
110  percent  of  name  plate  rating,  at  60  Hz,  and  at  0.8 
power  factor  for  two  hours  of  continuous  operation  at 
1,200  RPM. 

1.1.5.  Maximum  fuel  rates  for  each  engine-generator  unit  shall 
be  as  follows: 


1.1. 5.1.  Based  on  No.  2 Diesel  fuel  having  a gross 

heating  value  of  19,500  BTU/lb.  and  a weight 
of  7.12  lbs/U.S.  gallon. 


1.1. 5. 2.  Output  KW 


Gallons/Hour 


150 

300 

450 

600 


14 

24 

35 

47 


1.1.6.  All  ratings  shall  be  made  with  units  completely  equipped 
with  air  cleaners,  air  starters,  fuel  priming  pumps,  oil 
coolers  i fuel  injectors,  turbo-chargers,  ar cer-coolers , 
waste  gates,  lubricating  oil  pumps,  governors,  generators 
exciters  and  simulated  flue  gas  exhaust  system.  Simulate 
15"  W.C.  pressure  drop  in  the  exhaust  gas  discharge. 
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1.2. 


MOUNTING: 


1.2.1.  Each  engine-generator  shall  be  assembled  as  a unit  on  a 
welded  steel  sub-base  and  shall  form  a rigid  self-sup- 
porting structural  unit  suitable  for  handling  and  instal- 
lation upon  a concrete  foundation. 

1.2.2.  After  assembly  each  unit  shall  be  statically  and  dy- 
namically balanced  upon  its  structural  base  and  secured 
against  movement  in  course  of  handling  and  shipping. 

1.2.2. 1.  Engine-generator  unit  shall  be  well  balanced 

at  no  load  and  at  any  operating  loar!  and  speed, 
including  overspeed,  in  the  operating  range. 
Mechanical  balance  shall  be  effected  by  the 
use  of  steel  balance  weights  attached  by  non- 
corrodible  bolts  securely  locked,  by  steel 
weights,  dovetailed  and  suitably  anchored 
in  balancing  grooves,  by  drilling  out  material, 
or  by  securely  welded  steel  weights.  The  use 
of  babbitt  or  lead  as  a balancing  medium 
should  not  be  permitted.  There  shall  be  no 
objectionable  vibration  at  25%  overspeed  or  at 
any  load  speed  either  before  or  after  assembly 
with  the  prime  mover  for  which  the  generator 
is  intended.  Measurements  of  vibration  taken 
before  assembly  with  the  prime  mover  shall  not 
exceed  the  limits  specified  for  type  II  of 
Standard  MIL-STD-167.  After  assembly  with  the 
prime  mover  the  vibration  shall  not  exceed  the 
vibration  limits  of  the  combined  unit. 

1.2. 2. 2.  Dynamic  Balance 

Limits  of  unbalance  - The  engine-generator  set 
rotor  shall  be  balanced  dynamically  to  such  a 
degree  that  at  rated  speedsof  the  unit  the  re- 
maining unbalanced  centrifugal  force  in  either 
of  the  planes  of  correction  shall  not  exceed 
the  limits  specified  for  type  II  of  Standard 
MIL-STD-167,  which  are  determined  by  formula: 

4w 

U = rT 


U = unbalance 
W = weight  of  rotar 
n = operating  speed 


DISPLACEMENT  AMPLITUDE  - INCHES 


MOUNTING:  (continued) 


1.2. 3.  A removable  wooden  skid  base  should  be  applied  for  ship- 
ment and  installation. 

1.2.4.  Units  should  be  set  on  primary  spring  loaded  concrete 
inertia  bases. 

1.2.5.  Primary  inertia  bases  should  be  set  on  concrete  inertia 
blocks  recessed  in  floors.  Blocks  should  be  separated 
floor  structure  with  pre-compressed  glass  fibre  pads. 

1.2.6.  Vibration  isolator  pads  and  springs  should  be  as  designed 
and  furnished  by  manufacturer  and  as  approved  by  Engineer. 

1.2.7.  The  vibration  isolation  components  for  the  engine-gener- 
ators should  protect  all  adjacent  and  surrounding  occupied 
buildings  and  spaces  outside  the  plant  building  for 
vibration  in  excess  of  the  Recommended  Limit  valves  shown 
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FR  .QUENCY  - CYCLES/SECOND 


FIGUHE  1 


1.3.1. 


It  is  the  intention  that  operational  and  performance  tests 
of  each  unit  be  completed  in  the  manufacturer's  plant  to 
an  extent  requiring  a minimum  of  field  adjustment  of  any 
part  of  the  complete  operational  assembly. 

1.3.2.  Government  representatives  should  witness  operational  and 
performance  tests  pre-requisite  to  acceptance  of  each 
unit  for  shipment  to  job  site. 

A subcontractor  to  the  government  representative  should 
review  design  of  rotating  and  reciprocating  element  of 
engines  and  generators  and  the  shaft  couplings  for 
vibration,  alignment  and  torsional  problems.  He  will 
install  acoustic  and  vibration  transducers  on  or  in  the 
engine-generator  units  to  produce  or  prepare  a signature 
of  the  units  at  various  load  levels  while  the  units  are 
under  test  at  the  manufacturer's  facilities.  The  sig- 
natures will  be  analyzed  to  reveal  sound  and  vibration 
frequencies  related  to  the  operating  speed  of  the  various 
components  as  to  their  natural  vibration  frequencies. 

He  will  also  study  the  engine  lubrication  system  with  a 
view  to  sampling  techniques  for  spectrographic  analysis 
and  maintenance  schedules.  Engine  manufacturer  should 
notify  engineer  and  government  representative  2 weeks 
prior  to  time  when  all  engine-generator  units  are  ready 
for  testing.  Engine-generator  units  to  be  equipped  with 
all  components  as  specified. 

1.3.3.  Manufacturers'  Tests  - The  manufacturer  shall  make,  pre- 
vious to  the  tests  to  be  witnessed  by  the  government 
representatives,  sufficient  tests  to  insure  that  the 
design  of  the  generator  set  conforms  in  all  respects  to 
the  requirements  of  this  specification.  To  prevent 
delays  and  the  additional  cost  of  repeated  tests,  not 
more  than  two  witnessed  tests  shall  be  made  on  any  unit, 
the  second  test  to  be  made  within  such  time  after  the 
first  test  as  arranged  by  the  government  representative. 
Failure  to  make  the  necessary  repairs  or  remedy  defects 
within  that  time  shall  be  considered  sufficient  cause 
for  the  final  rejection. 

1.3. 3.1.  Pressure  Tightness  - The  method  of  assembly  and 

the  tightness  of  joints  of  engine  piping  systems, 
engine  jackets,  heat  exchangers,  after  being 
fully  assembled  on  the  engine,  shall  be  tested 
under  pressure  equal  to  a test  pressure  50  per- 
cent in  excess  of  the  working  pressure  and  at 
specified  operating  temperature. 


PREINSTALLATION  TESTS  AT  MANUFACTURER’S  PLANT: 


(continued ) 


1.3.4.  Witnessed  Tests  - All  tests  shall  be  conducted  with  the 
engine-generator  set  operated  as  a complete  unit  with 
all  auxiliaries  as  specified.  The  standard  Federal 
Government  factory  test  record  forms  shall  be  used. 

1.3. 4.1.  Generator  air-gap  - The  minimum  air-gap 
between  the  rotor  and  startor  iron  shall 
be  carefully  measured  and  recorded  when 
the  unit  is  cold  and  again  after  the  2- 
hour  running  period  at  110%  rated  load 
as  described  in  paragraph  1. 3.4.6.  The 
air-gap  shall  be  measured  by  suitable 
steel  feelers  or  gages.  The  measurements 
shall  be  made  in  at  least  8 places  ap- 
proximately 45  mechanical  degrees  apart, 
with  at  least  1 of  the  measurements  made 
at  the  bottom. 

1.3. 4. 2.  Compressed  air  starting  - The  generator 
shall  be  subjected  to  seven  starts  con- 
sisting of  cranking  the  assembled  gener- 
ator set  until  the  engine  fires,  then 
stopping  the  engine  and  repeating  the 
procedure  as  soon  as  the  set  comes  to 
rest.  This  test  shall  be  conducted 
with  the  engine  in  a cold  condition. 

The  following  data  shall  be  obtained: 

1.3. 4. 2.1.  The  minimum  quantity  of  air 
expressed  in  cubic  feet  of 
free  air  at  14.7  psi  and  68° 

F.  for  the  cold  start. 

1.3. 4. 2. 2.  The  minimum  quantity  of  air 
expressed  in  cubic  feet  of 
free  air  at  14.7  psi  and  68° 

F.  necessary  for  each  of 
seven  successive  starts,  in- 
cluding the  cold  start. 

1. 3.4.2. 3.  The  minimum  air  pressure  at 
which  the  unit  will  start 
within  a 5-second  time  limit. 


1.3. 4. 2. 4.  A recording  shall  be  made  of 
the  acoustic  and  vibration 
signature  during  each  startup. 


1.3.  PREINSTALLATION  TESTS  AT  MANUFACTURER'S  PLANT: 


(continued) 


1.3. 4. 3.  Governor  Tests  - The  following  tests  shall  be  made 
of  the  engine-governor  after  the  unit  has  been  op- 
erated for  one  hour  at  full  load. 

1.3. 4. 3.1.  Load  Speed  Test 


1.3. 4. 3. 1.1.  At  no  load,  and  with  manual 
control  of  generator  exci- 
tation, the  generator  set 
shall  be  adjusted  to  rated 
speed  and  rated  voltage. 


1.3. 4. 3. 1.2.  The  load  shall  be  changed  in 
20  percent  increments  from 
no  load  to  100  percent  load 
and  back  to  no  load.  At 
each  point,  the  voltage 
shall  be  adjusted  to  rated 
value,  and  the  speed  recorded. 


1.3. 4. 3. 1.3.  The  load  speed  curve  shall  be 
plotted  and  furnished  as  part 
of  the  test  data. 


1 . 3 . 4 . 3 . 2 .  Sudden  Load  Change 

1.3. 4. 3. 2.1.  The  generator  set  shall  be 
adjusted  to  rated  speed,  and 
voltage  and  70%  rated  load. 

A 100  hp  motor  load  (0.8 
power  factor)  shall  then  be 
applied  and  after  steady  con- 
ditions have  been  reached 
shall  be  disconnected.  This 
test  shall  be  repeated  5 times 
but  with  disconnecting  the 
motor  immediately  after  motor 
starts  rotating. 

1.3.4. 3.2.2.  Readings  of  voltage  change, 
overspeed,  underspeed  and 
recovery  time  shall  be  re- 
corded. The  method  of 
measuring  the  voltage,  speed 
changes  and  recovery  time  shall 
be  as  directed  by  the  gov- 
ernment representative. 


.3. 


PREINSTALLATION  TESTS  AT  MANUFACTURER'S  PLANT: 


(continued) 


1.3. 4. 3. 2. 3.  Overspeed  governor  - During  this 
test,  the  regulating  governor 
shall  be  made  inoperative.  The 
engine  ppeed  shall  be  increased 
above  rfcted  speed  until  the  over- 
speed governor  functions.  The 
speed  at  which  the  overspeed 
governoq  is  set  to  function  shall 
be  determined  and  recorded. 

1. 3.4.4  Operation  of  temperature  and  flow  controls  - With  the 
unit  operating  at  full  load , the  temperature  of  the 
cooling  water  and  the! temperature  of  the  oil  shall  be 
made  to  rise  gradually  in  separate  tests  until  the 
safety  devices  function  to  sto^  ....  unit.  The  actu- 
ation temperature  of  tiiese  devices  shall  be  recorded. 

In  seperate  tests,  interruption  to  the  flow  of  oil  and 
the  flow  of  cooling  water  shall  be  simulated.  The  time 
required  to  stop  operation  of  the  unit  shall  be 
recorded  together  with  any  operating  conditions  that 
might  endanger  the  life  of  the  unit. 

1. 3.4.5.  Dielectric  Tests  - The  insulation  resistance  of  the 
generator  windings,  both  rotating  and  stationary, 
shall  be  determined  in  accordance  with  NEMA  Standard 
MG  1-1963. 

1.3.4. 6.  Steady  operation  tests  - The  engine-generator  unit  shall 
be  operated  at  rated  speed  and  voltage  and  at  six  load 
increments;  namely,  0,  25,  50,  75,  100,  and  110%  rated 
load  in  accordance  with  the  following  schedule: 


Start  with 

2 

hr. 

at 

100% 

load 

then 

2 

hr. 

at 

110% 

load 

1 

hr . 

at 

75% 

load 

1 

hr. 

at 

50% 

load 

1 

hr . 

at 

25% 

load 

1 

/2  hr. 

at  0% 

load 
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1.3.  PREINSTALLATION  TESTS  AT  MANUFACTURER'S  PLANT:  (continued) 


1.3.4. 6.  Except  for  a shut-down  period  to  measure  the  generator 
air  gap  after  the  2-hour  running  period  at  110%  load, 
the  above-running  schedule  shall  be  continuous. 

The  following  data  shall  be  recorded  at  20-minute  inter- 
vals during  each  of  the  above  periods  of  steady  operation: 


Time . 

Ambient  air  temperature  at  engine  air  inlet. 

Barometric  pressure. 

Lubricating  oil  pressure  and  temperature. 

Jacket-cooling  water  temperature  at  inlet  and  outlet. 
Jacket-cooling  water  flow  rate  and  pressure  drop. 
Combustion  gas  temperature. 

Fuel  pressure. 

Fuel  used. 

Engine  speed. 

Back  pressure  on  exhaust. 

Generator  field  and  armature  winding  temperature. 
Generator  and  exciter  frame  temperature. 

Generator  bearing  temperature. 

Voltage . 

Current . 

Frequency . 

Power  factor. 

Generator  load,  kw. 

Exciter  current. 

Acoustic  and  vibration  signature  as  described  in  1.3.2. 
Oil  cooler,  turbo-charger  and  after  cooler  water  coolant 
circuit  water  temperatures  at  inlets  and  outlets. 

Oil  cooler,  turbo-charger  and  after  cooler  water  coolant 
circuit  flow  rates  and  pressure  drops. 


1.3.5.  Preparation  for  Shipment  _ Upon  completion  of  test  and 

approval  for  shipment  by  purchaser's  representative  all 
fuel  and  water  connections  shall  be  sealed  to  prevent 
entrance  of  foreign  matter  of  damage  to  threads  or  fittings. 
Electrical  connections  shall  be  covered  with  waterproof 
tape  or  other  suitable  material.  The  entire  assembly  shall 
be  cleaned  and  encased  in  durable  weatherproof  material 
for  shipment. 


1.4.  FIELD  TESTING  AND  STARTING: 

1.4.1.  Engine  generator  units  shall  be  tested  by  manufacturer 
in  plant  rechecked  in  field. 

1.4. 1.1.  Fuel  consumption  at  25%,  50%,  75%,  100%  and 
110%  at  rated  load. 

1.4. 1.2.  Electrical  shorts  and  defects. 

1.4. 1.3.  Operation  of  safety  controls. 

1.4. 1.4.  Frequency  and  voltage  variations  at  both 
constant  load  and  varying  loads  from  0% 
to  50%  and  25%  to  100%  of  rated  loads. 

1.4.2.  Engine-generator  unit  supplier  to  state  with  his  equip- 
ment proposal  all  tests  to  be  required  of  control 
manufacturer  and  approval  in  writing  the  certified 
tests  furnished  by  the  Control  System  Manufacturer. 

1.4.3.  All  factory  and  field  tests  shall  be  certified  by  manu- 
facturer to  Engineer  in  writing. 

1.4.4.  Engine-generator  supplier  to  make  arrangements  for  and 
witness  testing  of  control  system  equipment  at  jobsite. 

1.4.5.  Provide  load  banks  for  testing  the  units  at  not  less 
than  2,000  KW  load. 

1.4.6.  After  initial  startup  has  been  completed,  the  engine 
supplier  shall  provide  factory  trained  personnel  for 
testing  of  equipment  plus  not  less  than  10  days  of  in- 
struction to  the  operating  personnel  of  the  plant. 
Maintenance  manuals,  as  built  drawings,  parts  lists 
shall  be  bound  into  a binder. 


fi 


1.5.  FIELD  ADJUSTMENT: 


1.5.1.  Each  engine-generator  unit  shall  be  checked  for 
alignment  by  the  supplier  after  units  are  installed. 

1.5.2.  Inspect  and  certify  all  engine  and  generator  control 
wiring  prior  to  system  start-up.  Inspection  shall  be 
done  at  the  same  time  that  the  control  system  manu- 
facturer inspects  the  engine  units. 

1.5.3.  The  Engine  Manufacturer  or  his  representative  shall 
be  responsible  for  field  supervision  during  system 
start-up  for  a minimum  cumulative  period  of  not  less 
than  5 days  per  engine. 

The  Engine  Manufacturer  or  his  representative  shall 
provide  at  least  one  regularly  employed  service 
mechanic  for  the  full  start-up  period. 

In  addition,  the  Engine  Manufacturer  or  his  representa- 
tive shall  make  available  and  provide  the  site,  when 
requested  by  Engineer,  for  an  aggregate  period  of  10 
working  days,  the  regularly  employed  service  manager. 
All  other  personnel  used  in  the  system  start-up  shall 
be  pre-quaiif iea  by  the  engineer. 

1.5.4.  Engine-generator  unit  supplier  shall  provide  all 
lubricating  oil  and  fuel  required  for  field  testing. 


SECTION  2.0 


ENGINES : 


2.1  ENGINES,  GENERAL: 


2.1.1.  Engines  may  be  turbo-charged,  after-cooled,  water  cooled, 
compression  ignition,  4-stroke  cycle  type  with  pre-com- 
bustion chambers,  cyclinders  in  - 'V'  arrangement.  Com- 
pression ratio  shall  not  exceed  15.5:1. 

2.1.2.  Continuous  duty  rating  and  overload  rating  shall  be  of 
sufficient  size  to  conform  to  Performance  Section  of 
this  specification  under  the  specific  operating  condi- 
tions applicable  to  this  installation. 

2.1.3.  Operating  speed  shall  be  1,200  RPM. 

2.1.4.  Each  engine  shall  be  equipped  with  the  following: 

2. 1.4.1.  Full  pressure  lubricating  system. 

2. 1.4. 2.  Forged  crankshaft. 


2. 1.4. 3.  Dry  air  cleaners. 

2. 1.4. 4.  Water  cooled  manifolds,  water  cooled  jackets, 
and  sloped  water  outlet  risers. 

2. 1.4. 5.  Oil  filters  and  oil  coolers. 


2.2 


ENGINES,  AUXILIARY  LUBRICATING  OIL  S YS TEM : 


2.2.1.  Provide,  on  each  engine,  an  engine  mounted  110  volt, 

a fractional  HP-10,  motor  driven,  constant  lubrication 
pump  at  1.5  GPM  at  pressure  designated  by  the  engine 
manufacturer  as  an  auxiliary  lubricating  oil  system 
for  the  engine  in  addition  to  the  engine  drive  pump. 

2.2.2.  Provide  auxiliary  oil  pressure  switch  relay  to 
operate  lubrication  pump  when  engine  is  not  operating. 

2.2.3.  Provide  engines  with  automatic  oil  level  controllers. 

2.3  ENGINES,  GOVERNOR: 

2.3.1.  Provide  hydraulic  actuators  with  feedback  potentiometer. 

2.3.2.  Actuator  is  to  be  adjusted  to  exhibit  a slow  drift  in 
the  closing  direction  with  no  electrical  signal. 

2.3.3.  Provide  a maximum  rate  of  72  degrees  per  second  per 
volt  gain. 

2.3.4.  Provide  N.O.  contact  for  all  protective  shutdown  and 
signals . 

2.4  ENGINES,  SAFETY  CONTROLS: 

2.4.1.  Provide  the  following  automatic  safety  controls  for  each 
engine : 

2. 4. 1.1.  Low  lubricating  oil  pressure-two  stage, 
signal  alram  and  shutdown  of  engine  (40  psi, 
20  psi) . 

2. 4. 1.2.  High  jacket  water  temperature-two  stage, 
signal  alarm  and  shutdown  of  engine  (240°F., 
252°F.  adjustable). 

2. 4. 1.3.  Underspeed  - 40%  (480  RPM) . 

2. 4. 1.4.  Overspeed  - 105%  (1260  RPM). 


2.4. 


ENGINES,  SAFETY  CONTROLS:  (continued) 


2.4.2.  When  anyone  of  the  safety  controls  is  actuated,  the 
engine  shall  shutdown  and  also  actuate  an  alarm  on  the 
control  panel. 

2.4.3.  Provide  leads  from  each  safety  control  to  terminal  box 
of  engine.  Provide  wiring  diagram  for  field  connections. 

2.4.4.  Safety  switches  to  be  as  specified  in  specif ications 
for  engine-generator  automatic  control  systems. 

2.5  ENGINES,  VENT: 


2.5.1.  Vent  the  engine  crank  case  to  a CECA  crankcase  emission 
control  system.  Connect  emission  control  system  to 
both  intake  manifolds  in  strict  accordance  with  CECA 
instructions . 

2.6.  ENGINES,  STARTING: 


2.6.1.  Engines  shall  be  started  by  compressed  air  starting 
systems . 

2.6.2.  Starters  shall  have  sufficient  capacity  to  crank  the 
engines  in  on  ambient  temperature  of  10 °C.  and  at  a 
speed  which  will  start  the  diesel  engines  under  design 
operating  conditions.  Minimum  speed  of  engine  - 480 
RPM. 

2.6.3.  The  starter  pinions  shall  be  so  arranged  as  to  disengage 
automatically  when  engine  starts. 

2.6.4.  Provide  24  volt  D.C.  solenoid  valves  for  compressed  air  - 
ASME  approved  250  psi  W.P. 

2.7.  ENGINES,  STARTING  CONTROLS; 


2.7.1.  Automatic  controls  shall  be  furnished  to  provide  for 
automatic  cranking  of  the  engine  on  a 24  volt  signal 
from  the  control  system. 

2.7.2.  Starting  controls  shall  be  designed  to  prevent  excessive 
cranking. 

2.7.3.  Provide  a hand-off  automatic  switch  to  operate  the  engine 
manually. 

2.7.4.  On  a signal  from  the  control  system  the  engine  shall 
crank  for  10  speed  intervals  (6  maximum)  10  seconds 
apart. 
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2.7. 


ENGINES,  STARTING  CONTROLS:  (continued) 


f 


2.7.5.  If  engine  fails  to  start,  a malfunction  signal  shall  be 
transmitted  to  the  control  panel  and  engine  failure 
indicated . 

2.8.  ENGINES,  TURBO-CHARGER-AFTER  COOLER,  COOLING  SYSTEM: 


2.8.1.  Engine,  turbo-chargers  - after  coolers  will  be  provided 
with  cooling  water  from  controlled  cooling  systems. 

2.8.2.  Cooling  water  shall  enter  the  engine  after  coolers  at 
105°F.  and  30  Psig. 

2.8.3.  Each  engine  will  be  provided  with  recommended  water 
flow  for  cooling  water. 

2.8.4.  Maximum  pressure  drop  through  the  turbo  charger,  after- 
cooler circuit  shall  be  as  designated  by  manufacturers 
for  the  recommended  cooling  water  flow. 

2.8.5.  Cooling  water  will  be  provided  from  a sealed  system. 

2.9.  ENGINES,  JACKET  COOLING  SYSTEM: 


2.9.1.  Engine  jacket  will  be  provided  with  cooling  water  from 
a controlled  cooling  systems. 

2.9.2.  Cooling  water  shall  enter  the  engine  jacket  at  225°  E.W. 
and  50  Psig.  In  the  event  that  the  generator  load  exceeds 
75  to  80%  of  the  maximum  engine  generator  rating,  the 
cooling  water  temperature  will  be  automatically  reduced 
to  limit  the  jacket  outlet  temperature  to  180°F. 

2.9.3.  Each  engine  will  be  provided  with  manufacturers' 
recommended  flow  of  cooling  water. 

2.9.4.  Maximum  pressure  drop  through  the  engine  jacket  shall 
be  as  recommended  by  manufacturer. 

2.9.5.  Cooling  water  will  be  provided  from  a sealed  system. 
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2.10  ENGINES,  OIL  COOLING  SYSTEM : 


2.10.1  Engine  oil  coolers,  will  be  provided  with  cooling 
water  from  controlled  cooling  systems. 

2.10.2  Cooling  water  shall  enter  the  engine  oil  coolers  at 
140°F.  and  Psig. 

2.10.3.  Each  engine  will  be  provided  with  100  GPM  of  cooling 
water . 

2.10.4  Maximum  pressure  drop  through  the  engine  oil,  cooler 
shall  be  3 psi  at  100  GPM. 

2.10.5.  Cooling  water  will  be  provided  from  a sealed  system. 


SECTION  3.0 


GENERATORS: 


3.1.  GENERATOR  CAPACITY: 

3.1.1.  Each  generator  shall  be  wound  for  277/480  volt,  three 
phase,  four  wire,  60  cycle  operation. 

3.1.2.  Each  generator  shall  be  rated  at  nameplate,  continuous 
duty  and  110%  overload  operation  for  2 continuous 

! hours  at  0.8  power  factor. 

3.1.3.  Generators  shall  be  able  to  operate  in  40°C.  ambient 
temperature  with  70°  C.  temperature  rise. 

3.2.  GENERATOR,  CONSTRUCTION : 


3.2.1.  Generator  shall  be  the  following  type: 

3. 2. 1.1.  Single  bearing  revolving  field  type  of 
brushless  design  with  rotary  exitation 
and  a static  voltage  regulator.  Voltage 
regulator  and  rehostat  supplied  by  the 
generator  manufacturer  shall  be  furnished 
to  the  control  system  manufacturer  for 
installation. 

3. 2. 1.2.  All  components  shall  be  the  product  of 
a single  manufacturer  to  assure  proper 
coordination  of  electrical  equipment. 
Generator  and  exciter  shall  use  Class 

B insulation.  Magnet  wire  and  insulat- 
ing varnish  shall  be  class  F. 

3.2.2.  The  voltage  shall  be  externally  regulated  within  0.7 
seconds  to  1%  (4.8  volts)  from  no  load  to  full  load, 
and  constant  from  25%  to  100%  of  full  load. 

3.2.3.  Generator  shall  be  connected  to  the  engine  fly  wheel 
through  a coupling  as  approved  by  Engineer. 

3.2.4.  Provide  generators  with  damper  windings  and  cross- 
current compensations. 

3.2.5.  The  generator  shall  be  drip-proof,  endwise  ventilated 
and  shall  employ  a single  blower  mounted  on  the  drive 
end  of  the  rotor  shaft. 

3.2.6.  Generator  Stator  core  shall  be  built  up  of  high  grade 
silicon  steel  laminations  precision  punched,  deburred , 
and  individually  insulated.  Stator  coils  shall  be 
random  wound  and  inserted  in  insulated  core  slots. 
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3.2.  GENERATOR,  CONSTRUCTION: 


3.2.6.  Wound  core  shall  be  repeatedly  treated  with  thermosett- 
ing synthetic  varnish  and  baked  for  maximum  moisture 
resistance,  high  dielectric  strength,  and  high  bonding 
qualities.  Armature  lamination  followers  and  frame  ribs 
shall  be  welded  integral  with  frame.  Enclosure  shall 

be  dripproof. 

3.2.7.  Generator  Rotor  poles  shall  be  built  up  of  individually 
insulated  silicon  steel  punchings.  Poles  shall  be  from 
wound  and  bonded  with  high  strength  varnish,  then  baked. 
Cage  connections  shall  be  brazed  for  strong  construction 
and  permanent  electrical  characteristics.  Each  pole 
shall  be  securely  bolted  to  rotor  shaft. 

3.2.8.  Bearings  shall  be  double  shielded  and  pre-lubricated . 
Grease  in  the  bearing  enclosure  shall  provide  addi- 
tional lubrication  to  bearing  as  well  as  provide  sealing 
against  dirt  and  moisture.  Designed  bearing  life,  based 
on  B-10  curve  of  the  Anti-Fricition  Bearing  Manufact- 
urers Association,  shall  be  5 years. 

3.2.9.  Terminal  Box  shall  be  adequate  size,  located  on  the  end 
of  the  machine.  It  shall  be  constructed  so  that  leads 
may  be  brought  out  either  side  without  reconnection  or 
rework. 

3.2.10  Controls:  Control  cubicle  shall  be  vibration  isolated 

and  mounted  on  top  of  terminal  box  enclosure.  Voltage 
regulator,  voltage  adjusting  rheostat,  ammeter,  and 
voltmeter  shall  be  standard-equipment  and  mounted 
inside  control  cubicle. 

3.2.11.  Voltage  Regulator  shall  be  a hermetically  sealed, 

silicon  controlled  rectifier  type  and  shall  employ  a 
zener  reference.  The  voltage  regulator  will  provide 
automatic  protection  of  the  entire  unit  or;  3-phase 
short  circuits.  The  voltage  regulator  shall  include 
automatic  underf requency  protection  to  allow  the 
generator  to  be  operated  no  load,  at  less  than  syn- 
chronous speeds,  for  engine  start-up  and  shutdown 
procedures.  Switches  and/or  fuses  shall  not  be  used 
to  provide  this  protection.  Voltage  regulator  shall 
be  compatible  with/and  as  approved  by  manufac  urer  of 
engine-generator  automatic  control  system. 

3 . 3 GENERATOR-EXCITER: 

3.3.1.  Exciter  capacity  shall  be  able  to  produce  ample 

excitation  to  the  generator  under  all  load  conditions. 


C 


3.3.  GENERATOR-EXCITER:  (continued) 


3.3.2.  Exciter  sha3 1 be  direct  connected  to  the  generator. 

3.3.3.  Maximum  field  for  exciter  to  be  6 amps,  90  volts. 

3.3.4.  The  generating  unit  rotating  rectifier  assembly  shall 
be  a 3 phase,  full  wave  bridge  to  provide  DC  power 

to  the  generator  field. 

3.4.  GENERATOR,  OPERATING  CHARACTERISTICS: 


3.4.1.  Short  circuit  capacity  - 300%  current  overload  for  10 
seconds  without  mechanical  or  electrical  damage  to  the 
generator  and  without  tripping  the  unit  circuit 
breaker . 

3.4.2.  Waveform-the  unit  operating  at  rated  voltage  and 
frequency  at  any  balanced  unicy  power  factor  or  0.8 
power  factor  load  between  no  load  and  full  load,  the 
following  requirements  apply: 

3. 4. 2.1.  Line-to-Line 

Single  harmonic  content  - 2% 

Total  harmonic  content  - 3% 

3. 4. 2. 2.  Line- to-Neutral 

Single  harmonic  content  - 3% 

Total  harmonic  content  - 5% 

3.4.3  Phase  Balance  -maximum  difference  in  the  line-to- 
neutral  voltages  at  no  load  not  to  exceed  1%  of  rated 
L-N  voltage. 

3.4.4  Unbalanced  Load-voltage  unbalance  with  single-phase  load 
up  to  25%  of  rated  current  not  to  exceed  5%  of  rated 
voltage . 

3.4.5.  Performance : Voltage  regulation  shall  be  within  - 2% 

of  rated  voltage  from  no  load  to  f^ll  load.  Steady 
state  modulation  shall  not  exceed  - 1/2%.  Instantaneous 
voltage  dip  shall  not  exceed  16%  of  rated  voltage  when 
full  load  at  rated  power  factor  is  applied.  Recovery 
of  stable  operation  shall  occur  within  1/2  second . 
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ECTION  1.0  SCOPE 


1.1.  Intent 


1.1.1.  The  control  system  described  in  this  specification 

is  intended  to  provide  all  required  control  func- 
tions for  a completely  automatic  Total  Energy 
System.  The  control  panel  shall  include  the 
circuit  breakers,  all  of  the  normal  control 
circuitry  and  the  protective  functions  required 
for  each  engine-generator  unit  and  associated 
instrumentation.  The  control  system  shall  comply 
with  all  the  applicable  provisions  of  NBS  report 
10313  1975  and  entitled  "Perfor- 

mance Specifications  for  a Total  Energy  Plant  at 
Jersey  City  Breakthrough  Site".  The  system  shall 
be  completely  automatic,  designed  for  normally- 
unattended  operator  control,  adding  and  subtract- 
ing units  to  match  the  electric  load  demand 
imposed  by  the  building  complex  and  shall  include 
the  necessary  devices  for  monitoring  the  system, 
including  all  safeties  and  alarms.  In  addition, 
provision  shall  be  made  to  permit  complete  manual 
operation  of  the  system  as  hereinafter  specified. 
It  shall  be  the  responsibility  of  the  manufact- 
turer  to  insure  the  overall  compatibility  of 

each  control  element  including,  but  not  limited 
to,  actuators,  governors,  circuit  breakers, 
alarms  and  safeties,  batteries,  battery  chargers, 
voltage  regulators,  instrumentation  and  system 
logic . 

1.1.2.  The  purpose  of  the  above  requirement  is  to 
provide  the  government  and  Engineer  with  a 
single  sourceof  responsibility  for  the  entire 
engine-generator  control  system. 

1.2.  Installation  and  Installation  Drawings 

1.2.1.  Five  sets  of  shop  drawings  shall  be  submitted 

for  approval  to  the  Engineer  before  fabrication. 
They  shall  be  transmitted  via  the  channels 
established  for  handling  of  shop  drawings  with- 
in two  weeks  after  contract  is  let  for  the 
control  switchgear. 

Drawings  shall  show  layout  of  all  components, 
space  requirements,  clearance  requirements, 
provisions  for  hoisting  and  erection,  weights 
and  other  data  needed  for  installation  and  shall 
contain  a descriptive  sequence  of  operation  of 
the  entire  system.  They  shall  show  all  electri- 
cal connections  required  in  the  field,  both 
internal  and  external,  to  the  equipment,  together 
with  wire  sizes  and  types  and  wire  numbers. 


1.2.1. 


They  shall  also  show  all  internal  components 
and  internal  wiring  including  part  numbers. 
Drawings  will  be  approved  by  the  Engineer  for 
compliance  with  plans  and  specifications. 


1.2.2. 


Refer  to  specification  or  Engine/Generators 
for  Total  Energy  Plant  corrolation  of  require- 
ments between  control  system  and  engine/generators, 


1.2.3. 


The  control  switchgear  manufacturer  shall  check 
out  installation  of  his  equipment  during  construc- 
tion and  provide  assistance  to  the  Installing 
Contractor  as  may  be  required.  Initial  startup 
and  testing  of  the  equipment  shall  be  made  by  a 
factory-trained  representative  of  the  Control 
Contractor  as  hereinafter  provided. 


Functional  Performance 


The  control  panel  shall  provide  the  following  functions: 


1.3.1.  Engine  Generator  Contro 1 s 


A separate  control  cabinet  shall  be  provided  for 
each  of  the  generator  units.  This  unit  control 
shall  contain  a circuit  breaker  and  provide  the 
functions  of  speed  control,  real  load  division, 
voltage  regulation,  reactive  load  division,  engine 
and  electrical  system  start  sequencing,  alarms, 
and  protection  from  undesirable  operating  condi- 
tions. It  shall  be  designed  to  operate  with  a 
master  control  unit  which  coordinates  all  units 
in  attaining  the  desired  system  performance. 

Meters  and  indicating  lights  shall  be  provided 
to  present  the  operating  condition  of  the  unit. 
Selection  of  automatic,  manual  or  test  mode 
control  shall  be  provided  along  with  provisions 
to  lock  the  unit  out  of  service.  All  essential 
controlling  modules  shall  be  plug-in  type  (except 
for  high  current  circuits)  for  easy  service- 
ability. All  unit  modules  shall  be  interchange- 
able with  one  another  and  identical  in  construc- 
tion and  shall  be  of  solid  state  design. 


1.3.2. 


System  Master  Control 


A system  master  control  shall  be  provided  to  co- 
ordinate the  operation  of  the  system.  It  shall 
be  designed  to  provide  for  completely  automatic 
system  operation,  but  shall  operate  properly  when 
any  or  all  units  are  in  the  manual  mode.  The 
functions  provided  by  the  master  control  shall 
include  automatic  start  and  stop  sequencing  of 
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1.3.2. 


1.3.3. 


units  in  response  to  the  system  load  demand. 
Stops  and  starts  shall  be  according  to  a pre- 
selected sequence  of  the  units  and  shall  allow 
for  variation  in  the  start/stop  sequence.  Auto- 
matic paralleling  of  units  shall  be  provided 
with  provisions  to  manually  start  and  parallel 
units  so  selected.  The  master  control  shall 
supply  all  signals  to  the  unit  controls  for 
automatic  start  and  stop  sequencing,  automatic 
and  manual  paralleling  and  other  coordinating 
signals.  Meters  and  indicating  lights  shall 
be  provided  to  indicate  the  status  of  the 
complete  system  under  any  operating  condition. 

A load  dump  feature  shall  be  included  to  signal 
for  load  reduction  whenever  an  overload  or  mal- 
function of  an  operating  unit  occurs  and  to 
reapply  this  load  when  another  unit  has  been 
started  and  placed  in  service.  All  controlling 
circuits  shall  be  plug-in  type,  solid  state 
design . 


Control  System 


Operation 


1.3. 3.1.  For  normal  operation  as  an  automatic 
system,  the  control  panel  shall  be 
capable  of  starting  the  energy  system 
and  adding  or  subtracting  units  to 
match  the  load  demand  imposed  on  the 
system.  During  operation,  all  control 
functions  shall  be  performed  auto- 
matically to  maintain  the  specified 
operating  conditions  and  to  protect 
the  system  and  the  load  from  undesire- 
able  operating  conditions.  When 
desired,  it  shall  be  possible  to 
operate  any  or  all  units  in  the  manual 
mode,  start,  stop  and  paralleling 
shall  be  performed  manually.  All 
control  and  protective  features  shall 
operate  normally  for  units  in  the 
manual  mode. 


1.3. 3. 2.  Control  equipment  shall  be  fused  to 
protect  the  system  from  internal  and 
external  short  circuits  or  accidental 
grounds.  Portions  of  the  system  shall 
be  individually  fused  rather  than  hav- 
ing one  set  of  fuses  protecting  many 
types  of  functions. 

1.4.  Control  Panel  Construction  and  Standards 

1.4.1.  The  control  panel  shall  utilize  cabinets  of  the 
enclosed,  dead-front  free-standing  type.  A sep- 
arate cabinet  shall  be  provided  for  each  unit 
control.  Access  to  the  control  circuitry,  the 
control  switches  and  the  indicating  lights  shall 
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1.4.1. 


be  provided  by  a hinged  door  on  the  front  of 
each  unit  control.  Meter  displays  shall  be 
contained  on  a sloped  panel  at  the  top  of  each 
unit  control.  The  system  master  control  shall 
be  contained  in  a separate  cabinet.  Access  to 
the  control  circuits,  control  switches  and  to 
the  system  adjustments  shall  be  provided  by  a 
hinged  door  on  the  master  control  cabinet.  All 
indicating  lights  displaying  the  operating  status 
of  the  system  shall  be  contained  on  the  exterior 
of  the  door.  Meters  displaying  system  operation 
shall  be  mounted  on  a sloped  panel  at  the  top  of 
the  master  control  cabinet  and  on  the  exterior 
of  the  door. 

1.4.2.  The  design,  construction  and  performance  of  the 
Total  Energy  plant  control  system  shall  be  in 
accordance  with  the  provisions  of  the  following 
standards : 

USAS  C37.20  - 1969  Switchgear  Assemblies  Includ- 
ing Metal-Enclosed  Bus  and  Supplement  ANSI 
C37 . 20a  -1970. 


USAS  C37.19  -1963  or  latest  revision,  Safety 
Requirements  for  Low-Voltage  AC  Power 
Circuit  Breakers  to  Switchgear  Assemblies. 

USAS  C37.1  -1962  or  latest  revision.  Relay  and 
Relay  Systems  Associated  with  Electric 
Power  Apparatus. 

NEMA  SG  - 1965  Low  Voltage  Power  Circuit  Breakers 

NEMA  SG5-1971  Power  Switchgear  Assemblies. 

1.5.  Manufacturer's  Qualifications 

Manufacturer  shall  demonstrate  to  the  satisfaction  of  the 
Engineer  and  government  that  he  has  supplied  equipment  in 
substantial  compliance  with  these  specifications  and  such 
equipment  has  been  in  satisfactory  operation  in  at  least 
three  similar  installations  for  a period  of  two  or  more 
years . 


Space  Limitations 


The  entire  assembly  shall  be  sized  to  fit  the  project  and 
not  to  exceed  4 feet  in  depth  and  7 feet  in  height  and  shall 
face  in  one  direction.  Assembly  shall  include: 


1 active  Engine/generator  modules 
1 future  (space  only)  Eng/Gen.  module 
1 Control  module  (Master) 


1 Tie  and  Utility  Connection  breaker  module 
1 Temperature  control  (empty)  module 
1 Instrumentation  module 
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1.7 


Manufacturer’s  Pre-Installation  Tests 


1.7,1. 


1.7.2. 


1.7.3. 


1.7.4. 


1.7.5. 


The  manufacturer  of  the  control  switchgear  assem- 
bly shall  perform  the  Design  Tests  and  Production 
Tests  specified  in  USAS  C37. 20-1969  and  Supple- 
ment ANSI  C37.20a-1970  and  in  NEMA  Standards 
Publication  No.  SG3-1965  or  latest  revision,  on 
each  replicated  and  non-replicated  component. 

These  tests  shall  be  performed  in  the  manufac- 
turer's plant  or  in  a laboratory  acceptable  to 
the  government. 

The  manufacturer  of  the  relays  and  relay  systems 
in  the  plant  control  system  shall  perform  the 
Dielectric  Tests  and  Performance  Tests  spec- 
ified in  USAS  C37. 1-1962  or  latest  revision,  on 
each  replicated  or  non-replicated  component, 
either  in  the  manufacturer’s  plant  or  in  a 
laboratory  acceptable  to  the  government. 

The  manufacturer  of  the  control  systems  for  the 
total  energy  plant  shall  perform  functional 
proof  tests  of  the  engine-generator  controls. 
Chapter  III,  Section  2.0  and  the  system  master 

control.  Chapter  III,  Section  3.0  utilizing  either 
simulated  signals  to  activate  the  controls  or 
an  actual  engine-generator  unit.  These  func- 
tional tests  shall  cover  all  performance 
sequences  described  in  the  specification  and 
shall  be  performed  in  the  manufacturer's  plant 
or  in  a laboratory  acceptable  to  the  government. 

Field  dielectric  tests  shall  be  made  of  the 
entire  assembly  and  all  relays  and  relay  systems 
after  installation  during  acceptance  testing  of 
the  olant,  in  accordance  with  the  provisions  of 
USAS  C37. 20-1969  and  Supplement  ANSI  C37.2a-1970 
and  also  USAS  C37. 1-1962  or  latest  revision. 

In  addition,  the  manufacturer  of  the  control 
systems  shall  demonstrate  performance  of  these 
systems  in  accordance  with  the  speci f ications 
during  the  acceptance  test  of  the  total  energy 
plant  after  installation. 


ECTION  2.0  ENGINE  GENERATOR  CONTROLS 

Each  unit  control  shall  provide  the  following  functions: 

2.1.  Speed  Control  and  Real  Load  Division 

2.1.1.  An  electronic  speed  control  shall  be  provided  to 
maintain  a constant  steady-state  frequency  to  an 
accuracy  of  + 0.25%  nf  rated  speed. 

During  parallel  operation,  the  real  load  shall  be 
divided  equally  among  units  to  an  accuracy  of  + 2% 

rated  unit  load. 


2.1.2. 


2.1.3. 


The  speed  control  shall  be  designed  to  limit  speed 
overshoot  on  engine  start  to  less  than  2%  (24  RPM) 
of  rated  speed,  shall  be  solid  state  design  and 
shall  allow  isochronous  operation  of  all  engine- 
generators  in  parallel.  Real  load  division 
circuit  shall  issue  signal  to  on-line  unit  speed 
controls,  causing  reduced  throttle  position  of 
machines  carrying  too  much  real  load  and  increased 
throttle  positions  of  machines  carrying  too  little 
real  load.  Transient  speed  variation  shall  be 
less  than  0.4  Hz  for  sudden  load  changes  up  to  25% 
of  full  load  of  generator  rated  capacity  and  the 
recovery  of  the  controlled  speed  shall  occur 
within  4 (four)  seconds.  Overshoot  on  startup 
shall  be  limited  to  24  RPM  at  60  Hz.  Speed  sens- 
ing of  each  engine  generator  shall  be  based  on 
the  frequency  and  voltage  generated  by  the  cor- 
responding engine  generator  set.  The  speed 
control  shall  be  designed  to  operate  a hydraulic 
actuator  equipped  with  induction  potentiometer 
to  provide  position  feedback  signals  to  the 
control.  The  induction  potentiometer  shall  be 
shielded  from  electrical  interference. 

2 . 2 Voltage  Regulation  and  Reactive  Load  Division 

2.2.1.  A static  voltage  regulator  will  be  provided  by 
the  engine  manufacturer  to  maintain  the  alternator 
output  voltage  constant  to  an  accuracy  of  + 1% 

of  rated  voltage  from  25%  to  100%  of  full  load 
and  within  .4  cycles  from  0 to  100%  of  full  load. 

2.2.2.  During  paralleled  operations  the  real  and  reac- 
tive load  respectively  shall  be  divided  among 
the  alternators  to  an  accuracy  of  +5%  of  rated 
load.  Voltage  regulator  to  sense  unbalance  in 
proportional  division  of  loads  between  on-line 
units  and  issue  signal  to  cause  an  increase  or 
decrease  of  exciter  output  voltage  as  required 
to  hold  balanced  accuracy  in  load  division. 

2.3.  Unit  Start  and  Stop  Sequencing  Contro Is 

2.3.1.  Sequence  control  panel  shall  be  provided  to 
perform  the  functions  necessary  to  start  and 
stop  the  engine  and  electrical  system.  Upon 
the  receipt  of  a unit  start-stop  signal  from 
the  master  panel  the  following  actions  shall 
be  required. 

2. 3. 1.1.  To  apply  30  volt  DC  power  to  the  air 
starter  and  fuel  solenoids. 

2. 3. 1.2.  In  response  to  a signal  that  20-30% 
(240-360  RPM)  of  rated  engine  speed 
has  been  reached  or  that  oil  pressure 
is  obtained  on  starting,  power  shall 
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2. 3. 1.2.  be  removed  from  the  starter 
solenoid . 

2.  3.1.  3.  When  the  engine  reaches  90'f  (1,  080 

RPM)  of  rated  speed  operation  of 
the  speed  control  and  voltage  regu- 
lator shall  be  initiated  and  the 
master  control  shall  be  informed 
that  the  unit  is  available  for 
paralleling. 

2.4.  Protective  Functions 


Whenever  an  undesirable  operating  condition  as  listed  in 
Sections  below  is  identified,  the  unit  control  shall  shut 
down  the  unit  and  lock  it  out  of  service.  The  specific 
malfunction  shall  be  identified  and  a signal  shall  be  sent 
to  the  master  control  indicating  that  the  unit  has  shut 
down  as  the  result  of  a malfunction.  Before  the  unit  can 
be  returned  to  service,  the  unit  must  be  reset  by  turning 
the  lockout  key  to  off  and  back  on.  The  following  protec- 
tive features  shall  be  included. 

2.4.1.  Engine  Protection 

Each  sequence  shall  contain  the  following  protec- 
tive sensing  devices.  Malfunction  indication 
with  memory  to  indicate  the  following  conditions 
with  lockout  until  manually  reset  (first-out 
condition,  only  maintaining).  The  setting  of  the 
protective  sensing  devices  shall  be  as  called  for  in 
the  Engine/Generator  Specif ications . 

2. 4. 1.1.  Mechanical 


2. 4. 1.1.1.  Low  oil  pressure,  pro- 
tection shall  be  locked 
out  during  startup  until 
engine  reaches  90%  speed- 
two  stage  signal,  alarm 
and  shutdown  to  signal  at 
remote  location. 


2. 4. 1.1. 2.  High  water  temperature- 
two  stage  signal,  alarm 
and  shutdown. 

2. 4.1.1. 3.  High  oil  temperature- 
two  stage  signal,  alarm 
and  shutdown. 


2. 4. 1.1. 4.  Overspeed-two  stage. 

2. 4. 1.1. 5.  Underspeed-two  staye. 


2. 4. 1.1. 6.  Vibration-alarm  and  shut- 
down . 
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2.4.1. 1.7.  High  oil  coolant  tempera- 
ture . 

2. 4. 1.1. 8.  Two  extra  circuits  for  use. 
2 . 4 . 1 . 2 . Elect ncd 

2. 4. 1.2.1.  Circuit  breaker  trip. 

2. 4. 1.2. 2.  Excessive  start  time. 

2. 4. 1.2. 3.  Overload. 

2. 4. 1.2. 4.  Failure  to  parallel. 

2. 4. 1.2. 5.  Reverse  power  protection. 

2. 4. 1.2. 6.  Underspeed. 

2. 4. 1.2. 7.  Overvoltage. 

2. 4. 1.2. 8.  Undervoltage. 

Each  engine  shall  be  equipped  with 
air  or  fuel  cut  off  valve  air  damper. 
The  damper  shall  be  de-energized  under 
normal  operating  conditions  and 
energized  to  close  at  emergency  shut- 
down only. 

2 . 4 . 1 . 3 .  Al arms 

Monitor  and  issue  an  audible  alarm 
warning  of  occurence  of  any  non- 
damaging abnormal  conditions.  Alarm 
conditions  shall  have  memory  circuits 
with  indicating  light,  alarm  silence 
switch  and  an  alarm  selector  switch, 
incorporated  on  same  panel  for  easy 
serviceability.  Sufficient  contact 
shall  be  provided  for  remote 
indicator . 


2.5.  Coordination  with  Master  Control 

2.5.1.  The  unit  control  shall  provide  the  following 
signals  to  the  master  control. 

2. 5. 1.1.  Selection  of  unit  for  manual  or  auto- 
matic control. 

2. 5. 1.2.  Gross  malfunction. 

2. 5. 1.3.  Unit  ready 

2. 5. 1.4.  Unit  starting 
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2. 5. 1.5. 

2. 5. 1.6. 


Unit  started. 
Unit  on  line. 


2. 5. 1.7.  40%  and  90%  load  adjustable  signals. 

2.6.  Mode  of  Operation 

2.6.1.  Automatic.  All  functions  performed  automat- 
ically engine-generators  shall  be  automatically 
brought  on  line,  or  dropped  off  as  load  demands; 
except  that  the  minimum  number  of  units  on  line 
may  be  set  to  any  number  of  units  that  override 
the  auto-load  sense  circuits. 

2.6.2.  Manual . For  a given  unit  start,  stop  and  par- 
alleling shall  be  performed  manually  only;  how- 
ever, all  controls  and  protective  functions  shall 
operate  in  the  normal  manner. 


2.6.3.  Test  Steady  state  operation,  it  shall  be  possible 
to  test  the  unit  while  any  or  all  of  tne  remaining 
units  are  on  line  without  affecting  the  operation 
of  the  system.  Also  test  operation  can  te  made 
either  manually  or  automatically  with  the  breaker 
in  the  draw-out  test  position,  with  all  controls 
and  protecting  functions  operating  to  extent 
possible . 


2.6.4.  Control  logic  and  switching  shall  be  such  that  all 
normal  switching  functions  can  be  performed  by  the 
operator  with  equipment  in  operation  and  without 
inadvertently  tripping  engines  off  the  line  or 
otherwise  causing  malfunctions. 


2.7.  Unit  Sequence  Accessories 


2.7.1.  Auto-manual-test  selector  switch,  key  operated 
lock-out  switch,  manual  start-stop  and  circuit 
breaker  open  push  button  switches,  all  associated 
relays,  sequencing  circuits,  malfunction  memory 
circuits,  malfunction  indicator,  and  malfunction 
selector  switch  panel  shall  be  designed  for  easy 
serviceability  and  one  source  responsibility. 

2.8.  Unit  Metering 

2.8.1.  A.C.  ammeter  with  selector  switch  to  monitor 
current  in  any  phase. 

2.8.2.  A.C.  wattmetter  with  adjustable  double  set  points 
to  read  unit  KW. 

2.8.3.  Run  time  meter  to  read  accumulated  engine  opera- 
ting hours. 

2. 8.  3.1.  Unit  meter  panel  shall  display  the 
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2. 8. 3.1.  state  of  engine  with  the  following 
indicators : 

2. 8. 3. 1.1.  Run  indicator. 

2. 8. 3. 1.2.  Alarm  indicator. 

2. 8. 3. 1.3.  Alarm  silence  indicator. 

2.9.  Circuit  Breakers 

2.9.1.  Shall  be  electrically  operated,  draw-out,  air 
circuit  breaker  with  necessary  auxiliary  switches 
and  protective  devices  to  operate  the  system. 
Closing  mechanism  operating  motor  shall  be 

120  V.A.C.,  tripping  coil  shall  dc  rated  30  V.D.C. 

2.9.2.  Maximum  closing  time  for  breaker  shall  be  5 cycles. 
Maximum  opening  time  :or  breaker  shall  be  5 cycles- 
motor  operation,  1/4  cycle  fault  trip. 
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SECTION  3.0  SYSTEM  MASTER  CONTROL 


The  system  master  control  shall  be  designed  to  coordinate  the 

operation  of  the  units  and  to  perform  common  control  functions. 

These  shall  include  the  following  functions: 

3.1.  Provision  for  Automatic  and  Manual  Control 

The  master  control  shall  provide  for  automatic  or  manual 
operation  of  the  units  in  accordance  with  their  selection. 
For  units  placed  in  automatic,  startup  or  shutdown  shall 
be  on  the  basis  of  load  demand  or  a manually  initiated 
command  and  paralleling  shall  be  automatically  performed. 
For  units  placed  in  manula,  start,  stop  and  paralleling 
must  be  performed  mnaually.  The  master  control  shall 
include  provisions  to  allow  either  type  of  operation  for 
any  or  all  units. 

3.2.  Sequence  Selector 

Shall  be  plug  in  patch-cord  type  to  establish  the  order 
in  which  units  can  be  brought  on  or  removed  from  the  line 
in  numerical  or  any  random  order.  Changes  in  engine 
sequence  can  be  made  without  causing  a disturbance  to  the 
system  at  any  time,  except  during  a period  when  a unit  is 
being  programmed  on  or  off  the  line.  Regardless  of  whether 
or  not  a unit  is  brought  on  or  taken  off  the  line  either 
automatically  or  manually,  the  system  shall  be  capable  of 
automatically  accounting  for  its  condition,  except  if  unit 
is  in  "test"  position. 

3.3.  Load  Demand  Control 

3.3.1.  Automatic  generator  capacity  control.  This  system 
shall  function  to  bring  on  a new  unit  whenever  the 
demand  is  within  a preselected  value  of  the  rated 
generating  on-line  capability,  or  shall  drop  a unit 
off  the  line  whenever  an  excess  total  generator 
capability  exists  on-line  that  will  permit  a unit 
to  be  removed  and  leave  an  access  capacity  of  a 
preselected  value  over  the  existing  demand.  Time- 
delay  shall  be  provided  such  that  the  load  condi- 
tions must  exist  for  a minimum  of  1/2  minute  for 
increasing  load  and  not  less  than  5 minutes  nor 
more  than  10  miniues  (adjustable),  for  decreasing 
load  before  action  takes  place. 

3.3.2.  Time-delay  and  KW  values  for  operation  shall  be 
adjustable  in  the  field  by  means  of  calibrated 
adjustment.  Alarm  signal,  shall  act  as  an  overload 
and  initiate  start  sequence  of  next  unit. 
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3.3.3.  Load  demand  sensing  shall  be  based  on  the  real  KW 
load  of  the  system  vs.  unit  generator  on-line 
capacity  and  shall  issue  start  or  stop  signal  to 
the  next  sequenced  on  or  off  unit.  The  circuit 
shall  continuously  sense  the  load  demand  of  the 
system  regardless  of  the  mode  of  operation.  The 
generating  reserve  capacity  of  on-line  units  shall 
be  displayed  on  an  optic  KW  meter  (generating 
reserve-KW) . Optic  meter  shall  have  double  setpoint 
to  obtain  adjustment  in  field. 

3.3.4.  In  addition  sequence  control  shall  be  provided  to 
automatically  start  a unit  and  close  its  circuit 
breaker  whenever  there  are  no  units  operating. 

This  "dead  system  start"  feature  shall  require  that 
at  least  one  unit  be  selected  for  automatic 
operation  and  may  be  disabled  by  a switch. 

3.4.  Automatic  Paralleling 

Automatic  synchronization  and  paralleling  of  on-coming 
generators.  The  synchronizer  circuit  shall  control  the 
closing  of  the  incoming  unit  circuit  breaker  when  the 
circuit  is  in  the  "automatic"  mode  and  shall  permit  closino 
only  when  voltage  has  built  up,  unit  stabilized  and  when 
voltage,  frequency  and  phase  angle  of  incoming  unit  and 
bus  are  correct.  Synchronizing  circuits  shall  include 
identification  of  the  proper  unit,  a sufficient  time  delay 
to  permit  speed  to  stabilize,  activation  of  phase  control 
to  lock  the  incoming  unit  in  phase  with  the  bus.  Phase 
control  shall  be  continuously  monitored.  Separate  syn- 
chronizing check  circuit  shall  be  used  to  monitor  the  phase 
difference  between  units  and  the  bus.  Paralleling  phase 
relationship  shall  be  adjustable  within  +15  degrees.  Closure 
of  the  circuit  breaker  shall  be  effected  by  this  circuit. 

3 . 5 Manual  Paralleling 

For  a unit  that  is  started  manually,  the  master  control  shall 
contain  provisions  for  manually  synchronizing  the  unit  to 
the  bus  and  manually  closing  its  circuit  breaker.  Syn- 
chronization shall  be  by  means  of  a manual  speed  trim  control 
of  the  on-coming  unit.  Synchronizing  and  synchronizing 
verification  lights  operated  by  the  synchronizing  relays 
shall  be  provided  to  aid  in  synchronization.  Closure  of  the 
circuit  breaker  shall  be  by  means  of  a manual  push-button 
that  is  active  only  when  the  unit  involved  is  in  the  par- 
alleling position. 
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3.6.  Coordination  with  Unit  Controls 


The  master  control  shall  provide  the  following  signals  to 
the  unit  controls. 

3.6.1.  Automatic  start  and  stop  signals. 

3.6.2.  Phase  control  or  speed  trim  signals. 

3.6.3.  Circuit  breaker  closing  signal. 

3.6.4.  Signals  to  activate  real  and  reactive  load  division 
following  paralleling. 

3.6.5.  Failure  to  parallel  malfunction  signal. 

3.7.  Meters  and  Indicating  Lights 

The  following  meters  and  indicating  lights  shall  be  provided 
on  the  exterior  of  the  master  control  to  present  the  opera- 
ting status  of  the  system: 


3.7.1 


Meters 


3. 7. 1.1. 


3. 7. 1.2, 


3. 7. 1.3, 


A recording  voltmeter  shall  be  provided 
to  display  and  record  line  voltage.  Two 
selector  switches  shall  permit  the 
selection  of  any  unit  or  the  bus. 

A recording  frequency  meter  shall  be 
provided  to  display  and  record  system 
frequency.  This  meter  shall  be  operated 
from  the  selector  switches  for  the  volt- 
meter to  permit  frequency  monitoring  of 
the  bus  or  any  unit. 

A system  ammeter  shall  be  provided  with 
a selector  switch  to  monitor  total 
system  current  in  any  phase. 
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3. 7. 1.4.  An  Esterline  Angus  Series  A recording 
wattmeter  shall  be  provided  to  strip 
chart  record  total  system  power. 

3. 7. 1.5.  A totalizing  watt  hour  meter  with  a 15- 
minute  demand  register  shall  be  provided, 


3. 7. 1.6.  System  power  factor  meter. 

3. 7. 1.7.  Load  demand  and  KW  reserve  capacity 
meters  shall  have  adjustable  setpoints. 
One  to  read  KW  reserve  of  units  on  line, 
one  to  read  total  KW  reserve  and  one  to 
read  KW  demand . 

3. 7. 1.8.  Indicating  meters  shall  be  4-1/2" 
diameter 
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3.7.2. 


Indicating  Lights 


3. 7. 2.1. 

Starting 

3 . 7 . 2 . 2 . 

Ready 

3. 7. 2. 3. 

On  line 

3. 7. 2. 4. 

Malfunction 

3. 7. 2. 5. 

Overvoltage 

3. 7. 2. 6. 

Undervoltage 

3.7.2. 7. 

Low  load 

3. 7. 2. 8. 

High  load 

3.7.2. 9. 

Load  dump 

3.7.2.10. 

Proper  selection  of  unit 
selector . 

3.7.2.11. 

Excessive  vibration 

3.7.2.12. 

Spare 

sequence 


3.7.3.  Auxiliary  Instrumentation  Terminals 


3.7. 3.1.  Terminals  shall  be  provided  on  the  master 
control  panel  and  engine  control  panels 
to  which  instrumentation  can  be  connec- 
ted and  disconnected  while  the  systems 
are  operating.  These  shall  monitor 
transient  phenomena  on  voltage  control, 
frequency  control,  overspeed  on  startup, 
real  load  and  reactive  load  divisions 
during  paralleling  of  engines,  PTC 
operation,  load  dumping,  the  functioning 
of  the  protective  devices  on  the  engines 
and  the  sequencing  procedures  of  the 
master  control.  All  instrumentation 
and  wiring  for  external  measurements 
shall  be  furnished  and  installed  by 
others . 


System  Load  Dump 

3.8.1.  The  master  control  shall  include  a load  dump  fea- 
ture to  permit  reduction  of  non-essential  portions 
of  the  load.  The  load  dump  signal  shall  be  gen- 
erated whenever  an  operating  unit  malfunction  and/ 
or  overload  occurs.  In  the  event  that  an  electri- 
cal overload  occurs  on  the  system  the  following 
load  reduction  shall  occur: 

3. 8. 1.1.  Load  dump  signal  from  the  unit  shall 
operate  to  reduce  the  voltage  of  all 
generators  by  10%  during  the  first 
stage  of  the  load  dump  and  simutaneous- 
ly  activate  an  alarm  signal  at  the 
remote  panel . 
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In  the  event  of  over 
segments  of  the  eJec 
be  automatically  die 
available  equipment 
capacity.  Number  of 
shall  be  determined 
shall  not  be  less  th 
20. 


Load  still  existing, 
trical  load  shall 
connected  until  the 
ran  provide  adequate 
load  dump  segments 
ay  Engineer,  but 
an  8 nor  more  than 


3.8.2 


3.8.3. 


Load  shed  shall  be  in  sequence 
adjustable  time  delay  between  s 
overload  condition  no  longer  ex 
oncoming  engine-generator  unit 
line,  and  overload  erased,  the 
are  to  step  the  load  control  br 
line  in  reverse  sequence  from  w 
dropped  using  the  above  0-15  se 
timer  to  provide  an  interval  be 
stages.  In  case  the  remaining 
parallel  and  provide  adequate  g 
the  load  shed  circuit  shall  loc 
control  circuit  breakers  until 
rectified  the  problem  and  reset 


?ith  0-15  second 
.eps  until  the 
sts.  When  the 
tas  been  placed  on 
oad  shed  circuits 
lakers  back  to 
lich  they  were 
:ond  adjustable 
ween  acquisition 
jenerators  fail  to 
inerating  capacity, 
. out  the  load 
m operator  has 
the  lockout. 


The  dump  load  signal  shall  start  a multi-channel 
recorder  furnished  and  installed  by  others  that 
will  provide  a record  of  the  duration  of  the 
interruption  of  service  to  each  load  dump  incre- 
ment including  plant  auxiliaries. 


Essential  Load  Control 

3.9.1.  In  event  the  load  dump  sequence  does  not  restore 
the  system  to  normal  operation,  the  essential  load 
control  shall  open  the  N.C.  tie  breaker  and  close 
the  N.O.  emergency  utility  power  connection  to 
supply  the  essential  load  bus. 

3.9.2.  When  proper  generator  voltage  is  re-established, 
control  shall  open  utility  feeder  circuit  breaker 
and  close  the  circuit  breaker.  If  the  essential 
load  feeder  generator  malfunctions  while  starting 
and  system  overload  still  exists,  open  essential 
load  feeder  circuit  breaker  No.l  and  close  No. 3. 

3.9.3.  The  above  emergency  breakers  shall  be  interlocked 
so  that  under  all  conditions  the  utility  feeder 
is  never  connected  to  the  T.E.  bus. 


3.10.  Time  Reference  Contro 1 

3.10.1.  Crystal  controlled,  automatic  system  frequency 

control , operated  from  separate  regenerative  battery 
power  source  shall  be  supplied  for  continuous 
automatic  system  speed  correction. 
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3.10.2  The  reference  oscillator  and  circuitry  shall  pro- 
duce a 60  Hz  signal  capable  of  an  accuracy  of  1 
part  in  100,000  to  maintain  system  clock  accuracy 
within  1 minute  (60  seconds)  over  a 30  day  period. 

3.10.3  The  manual  frequency  control  shall  be  so  designed 
that  the  manual  adjustment  can  be  made  in  both 
positive  and  negative  direction  to  restore  the 
clocks  to  U.S.  standard  time  as  required. 

3.10.4  The  time  reference  control  shall  digitally  display 
the  system  and  standard  times  in  true  numbers  show- 
ing hours  and  seconds  properly.  Shall  have  optic 
meter  to  show  the  state  of  system  frequency 
compared  to  the  reference  oscillator  circuits. 

3.10.5.  The  circuit  shall  be  designed  with  solid  state 
circuitry. 
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SECTION  4.0  MISCELLANEOUS 


4.1.  D.C.  Control  Power 


1 

i 

• 

4.1.1. 

A common  D.C,  bus  shall  be  provided  in  the  master 
from  which  each  unit  control  will  be  energized 
for  an  air  start  system.  Battery  chargers  shall 
be  mounted  in  unit  number  one  and  two  control , 
switchgear  cabinet.  Battery  charger  shall  be 
constant  voltage  charger  with  nominal  output 
adjusted  to  approximate  30  volt  D.C. 

\ 

4. 1.1.1.  Battery  for  air  start  system  shall  be 

equal  to  Exide  lead  calcium,  type  15 
ETC  7,  rated  240  amp-hours  at  8 hour 
rate  to  1.75  volts  per  cell.  Battery 
shall  have  a nominal  voltage  of  30  volts 
D.C. 

4. 1.1. 2.  Furnish  all  racks,  connectors,  straps, 

and  test  equipment  required  for  station- 
type  operation. 

4.2. 

Circuit 

Breakers  and  Accessories 

; r 

4.2.1. 

Each  circuit  breaker  shall  be  equipped  with  an 
electric  operator,  draw  out  type,  air  frame, 
shunt  trip  with  auxiliary  switches.  It  shall  be 
possible  to  manually  open  and  close  the  breaker 
and  to  observe  its  stage. 

1 

' » 

4.2.2. 

The  breaker  shall  be  equipped  for  30  volt  D.C. 
trip  and  A.C.  power  to  close.  Generator  breakers 
shall  be  powered  from  the  same  unit  alternator. 
The  tie  and  emergency  breakers  shall  be  of  same 
frame  size  as  generator  breakers. 

i 

4.3. 

Current 

Transformers 

i ■ 
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4.3.1. 

Current  transformers  shall  be  provided  in  each 
phase  of  each  unit  to  rpovide  current  signal  for 
metering,  real  load  division  cross  current  com- 
pensation and  reactive  load  division.  Current 
transformers  shall  be  provided  for  each  phase 

’ 

4.4. 

Bus  Arrangement,  Cables 

4.4.1. 

Copper  bus  shall  be  provided  and  of  adequate  size 

to  handle  all  alternators.  The  bus  system  shall 
be  an  integral  part  of  the  generator  control 
cubicle  and  rated  at  continuous  ampere.  Provide 
space  in  bottom  of  each  cabinet  for  generator 
cable  entrance.  Lugs  shall  be  provided  for 
generator  cable  connections  for  each  phase.  The 
control  panel  shall  be  designed  for  system 
generating  power  60  cycles  per  second  and  an 
output  voltage  of  480  volts,  3 phase,  4 wire, 
wye  connected. 
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4.5. 


System  Nameplates 


4.5.1.  Contractor  shall  furnish  and  install  a single  en- 
graved nameplate  on  the  master  control  module 
with  a brief  description  of  the  system,  voltage 
and  total  generating  capacity,  together  with  the 
names  of  the  Owner,  Site  Developer,  Control 
Equipment  Supplier,  the  Installing  Contractor  and 
the  Consulting  Engineers.  Nameplate  shall  be 
approved  by  DOD  and  the  Engineer  before  fabrica- 
tion. 

4.5.2.  All  components  shall  have  nameplates  of  the  en- 
graved plastic  or  photoetched  type.  Engineer 
shall  review  legends  for  all  nameplates  before 
fabrication.  Contractor  shall  furnish  recommend- 
ed list  with  shop  drawings  for  approval. 


4.6.  Fabrication  and  Wiring 


4.6.1.  Switchgear  consoles  shall  comply  with  manufactur- 
ing standards  listed  in  paragraph  1.1.5.  Construc- 
tion of  switchgear,  cabinets,  doors,  hardware, 
fault  bracing,  bus  bar  size  and  construction, 
arrangement  of  controls,  meters  and  indicators 
shall  be  shown  on  shop  drawings  and  approved  by 
Engineer  before  fabrication.  Minimum  fault 
bracing  65,000  amps,  RMS  symmetrical. 

4.6.2.  All  equipment  shall  be  contained  in  dead-front, 
free-standing  panels  with  hinged  doors  in  front 
and  rear  arranged  in  such  a fashion  that  all  access 
to  the  control  modules  for  repairs,  replacement 

or  adjustments  can  be  made  from  the  front.  Rear 
access  will  be  available  for  current,  potential 
transformer  and  bus  work.  All  normal  control 
functions,  status  lights  and  metering  shall  be 
visible  from  the  front  wi*th  the  doors  closed. 
Compartments  shall  be  electrically  isolated  by 
means  of  non-combustible  insulation  and  steel. 
Components,  and  all  wiring  and  installation  shall 
be  in  accordance  with  applicable  standards  for 
Automatic  Industrial  Systems,  NEMA  and  the  National 
Electrical  Code. 


4.6.3. 


All  conducters  shall  be  labeled 
identification.  All  conductors 
on  devices  or  numbered  terminal 
devices  and  components  shall  be 
suitable  markings  to  agree  with 
drawings . 


with  individual 
shall  terminate 
blocks.  All 
identified  by 
schematic 
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4.7.1.  Control  switchgear  Contractor  shall  prepare  a list 
of  recommended  spare  parts  to  be  stocked  by  the 
government  for  maintenance  of  the  equipment.  A 
cost  shall  be  provided  for  each  item  on  the  list. 
Government  shall  decide  whether  to  purchase  the 
spares  or  to  make  arrangements  with  a local  re- 
pair contractor. 


Field  Enqineering  Service 


4.8.1.  Contractor  shall  include  in  his  quotation  the 

services  of  a field-service  engineer  to  start-up 
equipment  after  engines  have  been  shaken  down. 
Services  shall  be  provided  for  a minimum  of  20 
working  days.  After  this  time,  if  services  are 
still  required,  they  shall  be  paid  by  the 
government  at  standard  per  diem  rates,  if  the 
delay  is  caused  by  the  government  or  other 
contractors.  Contractors  shall  furnish  necessary 
equipment  so  that  engines  can  be  checked  out  and 
operated  for  shake  down  without  necessity  of 
control  equipment  engineer  standing  by  or  in  the 
event  a control  engineer  is  required , cost  shall 
be  paid  by  the  con trol  manufacturer. 


4.8.2.  Included  in  the  20  day  time  above  shall  be  a 

maximum  of  5 days  for  instruction  and  familiari- 
zation of  governments  personnel. 


4.8.3.  Provide  3 completely  detailed  written  operating 
instructions  and  trouble  shooting  manuals  to 
governments’  representative. 
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SEC.  1.0  ELECTRICAL  SPECIFICATIONS 

1.1.  Transformer  Specification 

1.1.1.  This  specification  is  for  a station  type,  outdoor,  weather- 
proof, step-up  transformer. 

1.1. 2.  The  ratings  of  the  transformer  are  as  follows: 

] i a i High  voltage  side  - output  side 

KVA:  1000 

High  Voltage:  12.47  KV 

Connections : Wye 

Taps:  Four  2 V taps.  Taps  changed  under  no  load  conditions. 

Two  taps  above  and  two  below  nominal  voltage  with 
provision  for  locking  in  each  position. 

BIL:  95  KV 

Phase:  3 4W 

Frequency:  60  Hz. 

1.1. 2. 2. Low  Voltage  side  - input  side 

Low  Voltage:  480V 

Connections:  Wye 

Phase:  4W 


Frequency:  60  Hz. 

BIL:  30  KV 
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1.1.3.  General 

1.1. 3.1.  The  unit  will  be  liquid  immersed  in  a non-flammable  liquid. 

1.1. 3.2.  Temperature  rise  will  be  65°C  when  unit  is  self-cooled. 
Provision  will  be  made  to  incorporate  fans  at  a future 
date.  With  fans  operating  the  unit  shall  be  capable 

of  15%  overload  without  exceeding  65°C  temperature  rise. 
Ambient  temperature  will  be  30°C. 

1.1. 3. 3.  Nominal  impedance  will  be  5.75%. 


1.1. 3.4.  provide  lifting  hooks  for  entire  unit  and  loops  for 
tank  cover. 

1.1. 3. 5.  provide  provisions  for  jacking. 

1.1. 3.6.  Unit  will  be  undercoated  and  primed  with  a rust  resistant 
primer  and  painted  with  a gray  enamel  suitable  for  out- 
doors, ASA  Color  #24. 


i! 


1.1. 3. 7.  Oil  tank  shall  be  sealed.  Normal  tank  pressure  will 

be  under  10  psig.  Pressure  gnuqe,  oil  temperature  gauge, 
oil  level  gauge  and  pressure  r<  et  d vi  -e  will  be  supplied. 
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1.1. 3. 8.  a hand  operated  tap  changer  will  be  provided.  The  tap 
changer  is  intended  for  operation  when  the  transformer 
is  not  energized.  Provision  will  be  made  for  padlocking 
the  operating  mechanism  in  any  position. 

1.1. 3.9.  Provision  will  be  made  for  the  future  installation  of 
current  transformers  inside  the  main  case.  A cov°r  opening 
will  be  supplied  large  enough  to  permit  admittance  of 
bushing  type  current  transformers. 

1 . 1 . 3 . 10 -High  and  low  voltage  cables  are  to  be  brought  through 

conduit  connection  type  of  terminals  into  an  air  filled 
housing  which  will  be  mounted  on  the  wall  of  the  trans- 
former case.  The  cables  will  enter  vertically  into  the 
bottom  of  the  chamber. 

1 . 1 . 3 . 11  .Provision  will  be  made  for  a 15  KV  substation  type 
lightning  arrester. 

1 . 1 . 3 . 12  .Average  sound  level  should  not  exceed  58  db. 
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1.1.4.  Documentation : 

1.1. 4.1.  a complete  set  of  reproducible  outline  drawings  shall  be 
supplied.  The  drawings  shall  include,  but  not  be  limited 
to,  overall  dimensions,  total  weight,  volume  of  liquid, 
recommended  mounting  methods,  recommended  pad  size,  and 
location  of  high  and  low  voltage  bushings. 

1.1.5.  Standards 

The  unit  shall  be  designed,  manufactured  and  tested  in  accord- 
ance with  all  applicable  NEMA,  ANSI  and  IEEE  standards. 

1.1.6.  Short  Circuit  Bracing: 

The  unit  shall  be  braced  to  withstand  the  maximum  short  cir- 
cuit current  available  from  the  transformer. 

1.1.7.  items  not  mentioned  but  obviously  necessary  for  proper  oper- 
ation are  implied  in  this  specification. 


SPEC.  1.0.  ELECTRICAL  SPECIFICATIONS 

> 

1.2  600  AND  7 50  KVA  TRANSFORMER  AND  DISCONNECT  SWITCH 

1.2.1.  This  specification  is  for  a station  type,  outdoor,  weatherproof, 
tamper-resistant  500  KVA  transformer  and  a fused  disconnect 

switch  (on  low  voltage  side)  . 

1.2.2 . Transformer  Ratings 

1.2. 2.1.  High  voltage  side 

KVA:  500 

High  Voltage:  12.47  KV 

I Connections:  Wye 

Taps:  Four  2 %%  taps,  two  above  and  two  below  nominal. 

Taps  changed  under  no  load  conditions  and  shall  have 
provision  for  being  locked  in  position. 

BIL:  95  KV 

Phase:  4W 

Frequency:  60  Hz. 

1 . 2 . 2 . 2 . Low  Voltage  side 

Low  Voltage:  480V 

Connections:  Wye 

Phase:  3^,  4W 

Frequency:  60  Hz. 

BIL:  30  KV 
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1 • 2 . 2 . 3 . The  -transformer  will  be  liquid  immersed  in  a non-flammable 
liquid. 

1.2. 2.4.  Temperature  rise  will  be  65°C  in  a 30°C  ambient.  Provi- 
sion will  be  made  to  incorporate  fans  at  a future  date. 
With  fans  operating  the  unit  shall  be  capable  of  a 15% 
overload  without  exceeding  the  65°C  temperature  rise. 

1.2. 2. 5.  Nominal  impedance  shall  be  5%. 

1.2. 2.6.  Oil  tank  to  be  sealed.  Tank  pressure  will  be  under  10 
psig.  Pressure  gauge,  oil  temperature  gauge,  oil  level 
gauge,  and  pressure  relief  device  will  be  supplied. 


1.2. 2. 7.  High  and  low  voltage  cables  are  to  be  brought  through 

conduit  connection  type  of  terminals  into  an  air  filled 
housing  which  will  be  mounted  on  the  wall  of  the  trans- 
former case.  The  high  voltage  cables  will  enter  vertically 
into  the  bottom  of  the  chamber  and  the  low  voltage  cables 
will  enter  into  the  top  of  the  chamber. 


.2.3 -General 


1.2. 3.1.  The  transformer  shall  be  braced  by  structural  steel  mem- 

bers, to  form  a rigid  frame  which  will  not  twist  during 
movement.  The  unit  will  be  so  constructed  as  to  allow 
sliding  or  movement  on  rollers  in  any  direction  and  shall 
have  provision  for  jacking. 

1.2. 3. 2.  A prominent  nameplate  indicating  equipment  ratings,  tap 
changing  information,  manufacturer's  name  and  serial  number 
will  be  mounted  in  the  front  of  the  unit  or  in  an  easily 
accessible  area. 

1 . 2 . 3 . 3 .  Lif ting  hooks  will  be  provided  for  the  entire  unit  and 
individual  shipping  sections,  if  any. 

1.2. 3. 4.  The  unit  will  be  undercoated  and  primed  with  a rust 
resistant  primer  and  painted  with  a gray,  outdoor  enamel, 
ASA  Color  #24. 
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1.2. 3. 5.  Average  sound  level  should  not  exceed  56  db. 

1.2. 3. 6.  Provision  shall  be  made  for  addition  of  CT's  at  a future 
date . 

1.2. 3. 7.  Provision  shall  be  made  for  a 15  KV  station  type 
lightning  arrester. 

1.2.4.  Fused  Disconnect  Switch 

1.2. 4.1.  The  fused  disconnect  switch  shall  be  a 480  V,  600  A, 

3 SN  unit.  Impulse  withstand  shall  be  30  KV.  The 
enclosure  will  be  drip-proof.  Opening  will  be  screened 
to  prevent  entrance  of  vermin  and  barriered  to  inhibit 
entrance  of  snow  and  sand.  A 480  V space  heater  shall 
be  provided  in  the  unit. 

1.2. 4. 2.  The  fused  disconnect  shall  be  quick  make  - quick  break 
type.  The  unit  will  have  provision  for  being  locked  in 
the  off  position.  The  door  will  be  interlocked  with  the 
handle  to  prevent  opening  with  the  handle  in  the  "on" 
position.  The  interlock  will  be  constructed  so  that  it 
can  be  released  with  a standard  electrician's  tool  for 
testing  fuses  without  interrupting  service. 

4 
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1.2. 4. 3.  All  bushing  and  connections  shall  be  braced  to  with- 
stand the  maximum  short  circuit  current  available  from 


the  transformer. 


1.2. 4. 4.  The  unit  will  be  undercoated  and  primed  with  a rust 

resistant  prime  and  painted  with  a gray,  outdoor  enamel, 
ASA  color  #24. 


1.2.5.  Both  assemblies  shall  be  designed,  manufactured,  and  tested 
in  accordance  with  all  applicable  NEMA , ANSI  and  IEEE  stand- 
ards . 


1.2.6.  Documentation 


I.2.6.I.  A complete  set  of  reproducible  drawings  shall  be  supplied 
for  both  assemblies.  The  drawings  shall  include,  but 
not  be  limited  to,  overall  dimensions,  total  weight,  volume 
of  transformer  liquid,  recommended  mounting  methods, 
recommended  pad  size,  conduit  entrance  area  and  location 
of  high  and  low  voltage  bushings,  wiring  diagrams  and 
schematics . 
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1.0. 


ELECTRICAL  SPECIFICATION? 


1.3.  Unit  Substation 

^ 3 This  specification  is  for  a pad  mounted,  outdoor,  weatherproof, 
tamper-resistant,  aisleless  substation,  consisting  of  a trans- 
former, transition  section  (if  required),  an  auxiliary  section, 
a main  draw  out  metal  clad  circuit  breaker,  four  draw  out 
metal  clad  feeder  circuit  breakers  and  two  fixed  circuit 
bre akers. 

1.3.2 .Transformer  Section 
1 . 3.2. 1. Ratings 

High  voltage  side. 

KVA:  3750 

High  Voltage:  22.9  KV 

Connections:  Delta 

BIL:  150  KV 

Taps:  Four  2^f/o  taps.  Two  above  and  two  below  nominal. 

Phase:  3 

Frequency:  60  Hz. 
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b.  Low  voltage  side. 

Low  Voltage:  12.47  KV 

Connections:  Wye 

Phase:  3^,  4W 

Frequency:  60  Hz. 

BIL:  110  KV 

1.3. 2. 2.  The  transformer  will  be  liquid  immersed  in  a non-flammable 
liquid  . 

1 . 3. 2 . 3 .  Temperature  rise  will  be  55°C.  Provision  will  be  made  to 
incorporate  fans  at  a future  date.  With  fans  operating 
the  transformer  shall  be  capable  of  a 10%  continuous  over- 
load without  exceeding  the  55 °C  rise. 

1 . 3. 2 . 4 . Nominal  Impedance  will  be  5%. 

1.3. 2. 5. The  oil  tank  will  be  sealed.  A sudden  pressure  relay 

(24  VDC) , pressure  gauge,  oil  temperature  gauge,  oil  level 
gauge  will  be  supplied.  The  sudden  pressure  relay  will 
operate  a warning  light  on  the  door  of  the  auxiliary 
section. 


» 


8 


1 . ^ ^ - Transition  Section 

1.3. 3.1.  A transition  section  may  be  used,  if  required. 

1.3.4 .  Auxiliary  Section 

1.3. 4.1.  The  auxiliary  section  will  include  all  metering  and  a 
station  service  transformer  as  shown  on  the  single  line. 
Metering  shall  be  semi-flush  mounted  on  a hinged  door. 

1.3. 4. 2.  a 12  cell  (or  larger)  lead-calcium  storage  battery,  with 
a suitable  24  VDC  charger,  of  suitable  capacity  to  supply 
tripping  and  closing  functions  for  the  outgoing  section 
power  circuit  breakers. 

1.3.5 . Main  Breaker  Section 

1.3. 5.1. The  main  breaker  will  be  a drawout  type  rated  for  3pf, 

60  Hz.,  13.8  KV,  1200  A and  500  MVA  Class. 

1.3.6  .Outgoing  Breaker  Section 

1 . 3 . 5 . 1 .There  will  be  four  drawout  type  breakers  rated  for  3?$, 

60  Hz.,  1200  A,  13.8  KV  and  500  MVA  Class.  Trip  will  be 

24  VDC.  Relay  and  C.T.  arrangement  will  be  as  shown  on 
single  line. 
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1 . 3 . 5 . 2 .There  will  be  two  air  circuit  breakers  rated  for  3jz£, 

60  Hz.,  1200  A,  13.8  KV,  and  500  MVA.  These  breakers 
will  be  arranged  so  that  one  is  normally  closed  and  the 
other  normally  open.  Upon  loss  of  voltage  at  the  normally 
closed  breaker,  it  will  trip  and  in  so  doing  close  (or 
cause  to  be  closed)  the  normally  open  breaker.  When  voltage 
is  restored,  the  breakers  will  be  capable  of  being  manually 
reset  to  their  original  N.O.  and  N.C.  positions . They 
will  be  interlocked  so  that  they  both  cannot  be  in  the 
closed  position  and  the  N.C.  breaker  will  open  before  the 
N.O.  breaker  closes. 

1.3. 5. 3.  All  conduit  will  exit  from  below  the  respective  breaker 
compartments.  The  conductors  will  be  #6  AWG,  15  KV  cable. 

! 

1-3.6  .General 

;i 

1 

1.3.  6.lThe  substation  may  consist  of  two  or  more  sections  con- 

sistent with  good  shipping  practice.  Each  section  will  be 
made  of  structural  steel  members,  welded  to  form  a rigid 
frame  which  will  not  twist  during  movement.  When  the 
shipping  sections  (if  any)  are  bolted  together,  the  entire 
assembly  shall  be  a rigid  structure. 


The  unit  will  be  constructed  as  to  allow  sliding  or  movement 
on  rollers  in  any  direction  and  shall  have  provision  for 
packing . 

1.3. 6. 2.  a prominent  nameplate  indicating  equipment  ratings,  tap 
changing  information,  manufacturer's  name  and  serial  number, 
will  be  mounted  in  an  easily  accessible  area  away  from  any 
dangerous  voltage. 

1.3. 6. 3.  Lifting  hooks  will  be  provided  for  each  shipping  section. 

The  transformer,  even  if  part  of  another  shipping  section, 
shall  have  lifting  hooks. 

1.3. 6. 4.  All  compartments  will  have  heaters  and  lights.  Heaters 
will  be  sized  to  allow  operation  in  any  populated  area  of 
the  Continental  U.S.  Lights  and  heaters  will  be  operated 
from  the  station  service  transformer.  The  KVA  of  this 
transformer  may  be  increased,  if  required,  allowing  a 
minimum  of  5 KVA  for  station  service. 

1.3. 6. 5.  The  unit  will  be  undercoated,  primed  with  a rust  inhibiting 
primer  and  painted  with  a gray,  outdoor  enamel,  ASA  Color 
#24. 
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be  under  10  psig.  Pressu-.  gauge,  oil  t • mperature  gauge, 
oil  level  gauge  and  pressure  r«  1 let  devi  ;e  will  be  supplied 


i 


1. 3.6.6.  Breakers  will  be  interlocked  so  that  they  are  tripped 
when  removed  from  the  housing. 

1.3. 6. 7.  Breakers  will  be  operated  by  a stored  energy  type  of  mech- 
anism. Primary  contacts  will  be  silver  plated  and  supported 
on  porcelain  pole  units.  The  primary  disconnecting  fingers 
will  be  silver  plated.  Arc  chutes  with  center  coil  blow 
out  magnets  will  be  provided.  A barrier  in  front  of  the 
arc  chutes  will  form  a shield  from  primary  parts. 

Secondary  disconnecting  contacts  will  be  silver  plated. 

1.37.  Documentation 

1.3. 7.1.  A complete  set  of  reproducible  drawings  shall  be  supplied. 

The  drawings  will  include,  but  not  be  limited  to,  overall 
dimensions,  total  weight,  volume  of  transformer  liquid, 
recommended  pad  size,  recommended  mounting  methods,  con- 
duit entrance  area,  high  and  low  voltage  bushing  locations 
and  a complete  set  of  wiring  diagrams  and  schematics. 

1.3.8.  Items  not  mentioned  but  obviously  necessary  for  proper  oper- 
ation are  implied  in  this  specification. 


SPECIFICATIONS  FOR 


2.0  SEWAGE  DESCRIPTION 
2.1.  Process  Description 


2.1.1  The  effluent  to  be  discharged  from  the  sewage  treatment 

plant  (STP ) is  to  be  a tertiary  quality.  For  the  purpose 
of  this  specif ication  this  is  defined  as  follows: 


!. 1.1.1 


Monthly  Average 


bod5 


10mg/l 


Suspended  Solids 


10mg/l 


2.1.2 


pH 

Dissolved  0 ^ 
Cl2  Residual 


>6  but<  8 
£4  mg/1 
£l  mg/1 


State  and  local  regulations  must  also  be  observed.  In 
cases  where  there  is  a difference,  the  more  stringent 
guideline  is  to  be  used. 


2.1.3  To  achieve  the  specified  level  of  treatment,  the  in- 
coming raw  sewage  is  clarified.  The  overflow  from  the 
primary  clarifier  is  discharged  through  a hairpin  heat 
exchanger,  where  its  exit  temperature  is  controlled  at 
90°F.  The  heated  steam  passes  to  a rotating  disc  con- 
tactor, which  provides  a secondary  level  of  treatment 
aerobically.  The  secondary  treated  effluent  is  pumped 
to  the • secondary  clarifier,  and  the  overflow  discharged 
to  tertiary  sand  or  mixed  media  filters.  These  filters 
provide  the  final  polishing  step  prior  to  chlorination 
and  discharge. 


2.1.4  Sludge  is  to  be  thermally  treated  and  used  as  landfill 
or  soil  conditioner.  The  sludge  from  the  secondary 
clarifier  is  returned  to  the  primary  clarifier  to  en- 
hance thickening.  The  primary  claifier  sludge  is  dis- 
charged once  per  day  by  means  of  a screw  pump,  and  is 
heated  to  350°F.  The  sludge  is  introduced  to  an  auto- 
clave where  it  is  kept  at  this  temperature  and  pressure 
for  approximately  1 hour.  The  sludge  is  then  cooled  and 
discharged  into  a basket  centrifuge.  The  solids  from 
the  centrifuge  discharge  into  a hollow  shaft  screw 
conveyer,  where  the  sludge  is  further  cooled  and  dis- 
charged into  a hopper  for  removal.  The  centrate  is  re- 
turned to  the  front  end  of  the  rotating  disc  contractor, 
being  cooled  to  90°F  after  leaving  the  centrifuge. 
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2.1.5 


It  is  anticipated  that  the  Army  will,  in  the  future, 
require  a portion  of  the  effluent  to  be  further  treated 
and  recycled  to  the  barracks  complex  for  non-potable 
uses,  such  as  laundry,  toilet  flushing,  etc. 

2.2.  Equipment  Specification 


2.2.1  Primary  Clarifier 

Hydraulic  Loading  Rate 
Dentention  Time 
Anticipated  BOD  Removal 
Anticipated  S.S.  Removal 


600  gpd/ft.^  max. 
3 hours  min. 

25% 

45% 


2. 2. 1.1  The  clarifier  tank  shall  be  of  steel  constuction, 

and  the  manufacturer  shall  supply  and  install  the 
following:  skimming  device  and  scum  through 

sludge  removal  device  complete  with  motor  drive, 
and  steel  bridge  complete  with  handrail  and  deck 
plates . 

2. 2. 1.2  The  sludge  removal  mechanism  shall  be  sized 
to  completely  remove  accumulated  sludge  once 
per  day. 


2.2.2  Rotating  Disc  Contactor 


2. 2. 2.1  An  aerated  biological  treatment  device  called  a 
"Rotating  Disc  Contactor"  (RDC)  shall  be  installed 
in  prepared  concrete  tank  by  others.  The  tank 
shall  be  dimensioned  and  baffled  in  accordance 
with  the  manufacturers  drawings. 

2. 2. 2. 2 The  RDC  equipment  shall  include  shaft  assembly(s), 
electrical  drive  system(s)  and  prefabricated 
housing ( s ) . 


2. 2.2. 3 Each  shaft  assembly  shall  include  the  high- 

density  polyethylene  media,  with  each  sheet  inte- 
grally welded  to  a polyethylene  hub,  and  self- 
supporting  on  the  central  shaft;  a sprocket,  two 
bearings,  and  two  bearing  base  plates. 


2. 2.2.4  The  electrical  drive  system  shall  be  a factory 

assembled  unit  which  includes  motor,  speed  reducer, 
multi-V  belt  drive,  belt  guard  and  output  socket. 
Controls  shall  be  provided  by  others.  Motor  shall 
conform  to  NEMA  Design  C for  torque  characteristics, 
and  NEMA  Class  B for  insulation,  and  should  be 
suitable  for  high  moisture,  high  humidity  service. 


2. 2.2.5 


The  prefabricated 
formed  side  panels 
field  assembled, 
posite,  with  outer 


housing  shall  consist  of  vacu 
and  end  panels  which  shall  I 
The  material  shall  be  a ccr- 
shell  of  acrylic  materia! 
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inner  layer  of  fiberglass.  Removable  doors  shall 
be  provided  at  each  end,  and  observation  ports 
with  covers  provided  in  the  sides  as  directed  by  the 
engineer . 

2 -2. 2. 6 The  RDC  equipment  shall  be  sized  and  arranged  to 
produce  an  effluent  consistent  with  the  final 
effluent  quality  of  the  sewage  treatment  plant. 

2.2.3  Secondary  Clarifier 

2 

Hydraulic  Loading  Rate  600  gpd/ft.  max. 

Detention  Time  3 hours  max. 

2.2. 3.1  The  clarifier  tank  shall  be  of  steel  constuction, 
and  equipped  with  sludge  removal  equipment  to 

be  operated  once  per  day.  Sludge  to  be  recycled 
to  primary  clarifier.  All  appurtenances  such 
as  sludge  removal  equipment  drive,  weirs,  baffles, 
bridge  sttel  and  deck  plates  to  be  supplied  with 
clarifier . 

2.2.4  Pressure  Filters 

2. 2. 4.1  Tandem  vertical  pressure  filters  shall  be  provided 
for  either  sand  or  mixed  media  filtration.  The 
filters  will  operate  alternately,  the  cycles  be- 
ing controlled  by  an  automatic  multiport  valve, 
initiated  by  a differential  pressure  swich.  Back- 
wash water  will  be  provided  from  the  finished  water 
storage  tanks,  which  sould  be  sized  to  provide 
sufficient  backwash  water  as  specified  by  the 
filter  manufacturer.  The  storage  tanks  overflow 

to  discharge  will  be  controlled  by  a level  con- 
troller and  control  valve. 

2.2.5  Chlorine  Generator 


2.  2.5.1  On-site  chlorine  generation  equipment  will  be 
supplied  to  produce  sodium  hypochlorite  from 
common  salt.  The  equipment  shall  include  brine 
storage  tank,  electrolytic  cell  reactor,  hypo- 
chlorite storage,  and  metering  pump.  The  hydrogen 
produced  shall  be  vented  to  atmosphere.  The  equip- 
ment shall  be  sized  to  provide  sufficient  chlor- 
ination to  meet  the  chlorine  demand  plus  the 
legally  mandated  residual  at  the  plant  location. 

2.  2.6  Sludge  Conditioning  Equipment 

2.  2.6.1  The  sludge  from  the  primary  clarifier  will  be  pro- 
cessed once  per  day.  Sludge  production  should 
be  computed,  and  the  equipment  in  the  sludge  train 
sized  accordingly. 

2.  2.6.2  The  sludge  preheaters  are  to  be  constructed  from 
corrosion  resistant  materials,  and  should  be 


- Q4  - 


of  conventional  shell  and  tube  design,  sludge 
being  on  the  tube  side.  Velocity  in  the  tubes 
should  be  sufficient  to  minimize  the  possibility 
of  clogging  and  fouling  buildup.  The  exchangers 
should  be  so  designed  that  tube  cleaning  can  be 
accomplished  without  interrupting  the  daily  batch 
processing.  Provision  should  be  made  for  flushing 
the  exchangers  with  clean  water  after  each  pro- 
cessing, with  the  effluent  returning  to  the  primary 
clarifier. 

2.2.6. 3 The  autoclave  should  be  specified  for  design 

conditions  of  400°F  and  300  psia.  Normal  operating 
conditions  will  be  350°F  and  250  psia.  The  auto- 
clave should  be  equipped  with  pressure  relief 
valves,  compressed  air  connection,  and  a hot  fluid 
jacket.  A bottom  dump  valve  should  be  provided, 
controlled  by  a temperature  interlock.  The  condi- 
tioned sludge  should  not  be  dumped  until  the  temp- 
erature has  been  reduced  to  150°F  or  less. 

22.6.4  A basket-type  centrifuge,  operated  on  compressed 
air  should  be  provided.  The  centrifuge  should 
be  mounted  under  the  autoclave,  and  should  it- 
self be  provided  with  a bottom  dump.  Centrate 
from  the  equipment  should  be  cooled  to  90°F  and 
returned  to  the  front  end  of  the  RDC . 

2 .2 .6. 5 Solids  from  the  centrifuge  are  discharged  to  a 
hollow  shaft  screw  processor.  The  screw  is  to 

be  used  as  a passage  for  cooling  water,  which  will 
reduce  the  sludge  temperature  to  ambient  for  re- 
moval to  the  disposal  site. 

2.2. 6. 6 All  the  sludge  processing  equipment  is  to  be  con- 
tained within  a concrete  block  enclosure,  with 
remote  operating  controls.  No  personnel  should  be 
within  the  enclosure  during  processing  operations. 

2.2. 6.7  All  sludge  processing  equipment  should  be  flushed 
with  clean  water  subsequent  to  the  completion  of 
processing,  and  the  flushing  returned  to  the 
primary  clarifier. 
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0.  INCINERATOR  SPECIFICATION,  WASTE  HEAT  RECOVERY 


1.  Incinerator 


3.1.1.  The  incinerator  design  will  be  based  on  the  controlled 
air  principle.  It  shall  have  a design  capacity  of  from 
1110  to  1600  lbs.  per  hour  of  residential,  commercial 
and  institutional  refuse  with  an  average  combined  High 
Heat  Value  of  6000  Btu/#. 

3.1.2.  The  unit  shall  be  of  a standard  design,  factory  assembled, 
pre-tested,  on  a structural  bedplate,  ready  for  simple 
bolting  together  at  the  site.  Inner  walls  shall  be  lined 
with  castable  monolithic  refractory  backed  by  mineral 
wool  insulation.  Alloy  steel  anchors  shall  be  provided 

to  support  the  refractory  material  with  a safety  factor 
of  four  and  the  entire  final  refractory  assembly  shall 
be  sufficiently  flexible  to  compensate  for  expansion 
and  contraction  associated  with  normal  operation.  The 
incinerator  will  be  so  installed  as  to  provide  ready, 
safe  access  for  personnel  to  manually  clean  out  underfire 
airports . 

3.1.3.  The  incinerator  shall  consist  of  a primary  and  a secondary 
combustion  chamber.  Primary  combustion  chamber  shall  be 
appropriately  sized  to  accomodate  the  hourly  combustion 
rate,  shall  have  no  metallic  grates  and  shall  have  ash 
clean  out  doors  located  such  that  leakage  of  liquid  is 
prevented.  Primary  chamber  shall  be  provided  with  an 
energy  source  sufficient  to  maintain  the  proper  operating 
temperature  under  all  conditions.  Secondary  combustion 
chamber  shall  provide  an  energy  source  and  air  intro- 
duction to  raise  the  temperature  and  consume  partially 
oxidized  gases  and  particles  flowing  from  the  primary 
chamber . 

3.1.4.  A mechanical  charging  system  will  receive  wastes  in  a 
hopper  and  by  means  of  an  hydraulic  ram  will  feed  wastes 
into  the  incinerator.  The  charging  system  will  be  equipped 
with  an  interlock  such  that  the  hopper  can  be  filled  with- 
out exposure  to  the  direct  flame  of  the  incinerator.  The 
charging  system  will  be  equipped  with  an  automatic  quench 
with  manual  override  to  extinquish  any  burning  material 
withdrawn  from  the  furnance  to  the  feed  hopper  by  the  ram 
feeder. 

3.1.5.  A single  push  button  control  shall  place  the  incinerator 
in  operation.  Completion  of  the  burn  cycle  will  be  in- 
itiated by  simple  push  button  which  starts  an  adjustable 
burn  down  period  up  to  five  hours.  Seperate  control 
devices  shall  maintain  proper  operating  temperatures  in 
both  the  primary  and  secondary  chambers. 
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3.1.6  The  lower  chamber  will  consist  of  1/4"  H.R.  steel  lined 
with  2"  mineral  wool  insulation  and  5"  thick  2400°F 
castable  refractory,  fitted  with  two  forced  air.  No.  2 
Diesel  fuel  oil-fired  burners  serving  primary  and  second- 
ary chambers. 

• 

3.1.7  The  upper  chamber  will  consist  of  10  Gauge  H.R.  steel 
lined  with  1 1/2"  mineral  wool  insulation  and  4 1/2" 
insulating  castable  refractory  capable  of  operation  at 
2800°F.  This  chamber  will  be  fitted  with  a single  forced 
air,  Diesel  fuel  oil-fired  burner. 

3 

3.1.8  Electrical  power  service  shall  be  at  220/440/3/60  and  all 
control  wiring  at  110/1/3/60.  Motors  shall  be  TEFC  and 
control  cabinet  shall  be  prewired  and  mounted  on  the  inci- 
nerator, dust  tight  and  waterproof  NEMA  4 enclosure. 

Controls  shall  include  flame  failure  and  programmer,  fuel 
modulation,  high  temperature  protection  system,  timers 
and  all  accessories  for  a complete  and  functioning  system. 

3.2.  DUCTWORK  AND  BREECHING 


3.2.1  Necessary  ductwork  and  breeching,  internally  lined  with 
castable  refractory,  shall  be  supplied  and  installed  to 
convey  incinerator  flue  gases  from  the  incinerator  to 

the  waste  heat  recovery  heat  transfer  surface,  as  required. 
This  ductwork  and  breeching  will  be  factory  fabricated 
with  lining  and  shipped  in  convenient  to  handle  sections 
for  bolting  in  place  at  the  site. 

3-3.  DIVERTER  DAMPER 

3.3.1  A refractory  lined  guillotine  or  butterfly  diverter  damper 
will  be  supplied  and  installed  in  breeching.  In  the  nor- 
mally closed  position  this  damper  will  block  the  hot 
incinerator  flue  gases  from  going  directly  to  the  stack 
for  atmospheric  discharge  and  divert  them  to  the  waste 
heat  transfer  surface.  A controller  on  the  heat  transfer 
medium,  steam  or  hot  water,  will  actuate  the  motor  opera- 
tor and  automatically  open  this  diverter  damper  when 
temperature  rises  above  emergency  discharae  set  points. 

3.4.  CHARGING  DOOR 

3.4.1  The  furnace  charging  door  shall  be  of  a guillotine  type 
and  shall  be  refractory  lined  and  insulated.  The  door 
lining  shall  be  lightweight  castable  refractory,  minimum 
4"  thick,  suitable  for  2000°F  operation,  backed  with  2" 
of  mineral  wool  block  insulation.  The  refractory  lining 
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and  insulation  shall  be  properly  anchored  to  the  rein- 
forced exterior  #12  Ga.  casing  and  to  the  main  door 
frame. 

3.  4.2  The  door  shall  be  hydraulically  operated  and  partially 
counterweighted . The  operating  cycle  timing  shall  be 
compatible  wi+'h  the  timing  of  the  ram  charging  cycle. 

3.  5.  HEAT  TRANSFER  SURFACE 

3.5.1  The  heat  exchanger  shall  be  designed  for  a hot  water  flow 
of  approximately  29  GPM  and  a temperature  rise  from 
approximately  360°F  to  400°F  when  the  incinerator-boiler 
is  operating  at  its  full-rated  capacity.  It  shall  have 

a suitably  sized  heat  transfer  area  with  manufacturer 
specifying  fouling  factor  and  need  and  method  for  soot 

flowing.  It  shall  have  adequate  provision  for  ash/residue 
collection  at  each  gas  pass. 

3.5.2  The  incinerator  manufacturer  shall  furnish  design  para- 
meters pertaining  to  the  following: 


a. 

gas 

flow  to  heat  exchanger 

CFS  @ 1500°F 

b. 

gas 

flow  from  heat  exchanger 

CFS  @ 500°F 

c. 

gas 

enthalpy  at  1500°F 

Btu/# 

d. 

gas 

enthalpy  at  500°F 

Btu/  # 

e . 

gas 

constant 

3.5.3  The  heat  exchanger  shall  be  a water-tube  type  with  tubes 
arranged  in  an  "in  line"  pattern  and  spaced  so  that  the 
gas  velocity  between  the  tube  rows  does  not  exceed 

20  ft/sec. 

3.5.4  Tubes  shall  be  of  suitable  material  of  construction  to 
prevent  corrosion  and  erosion  by  the  gas  stream  and  shall 
be  designed  for  125  psi  internal  water  pressure. 


WASTE  HEAT  BOILER 


Heat  Recovery  System 


4.1.1  The  heat  recovery  system  is  essentially  a horizontal  or 
a vertical  heat  recovery  silencer  arranged  to  receive 
hot  exhaust  gas  from  the  engines,  and  recapturing  heat 
through  a series  of  water  tube  heat  exchangers. 

. Heat  Recovery  Equipment 

4.2.1  The  heat  recovery  section  of  the  waste  treatment  shall 
consist  of  longitudinally  plan  tubes  with  surrounding 
shroud  tubes . 


4.  2.2  The  waste  heat  unit  shall  be  designed  to  provide  maximum 
economical  heat  recovery  at  full  engine  load  while  not 
imposing  a pressure  loss  in  excess  of  the  engine  manu- 
facturers recommendations. 


4.  2.3  The  top  chamber  of  each  unit  shall  be  removable  for  ins- 
pection and  cleaning  of  tubes.  The  heat  recovery  unit 
shall  be  of  water  tube  construction  for  minimum  warm  up 
time.  The  wet  weight  shall  not  exceed  the  dry  weight  by 
more  than  10%. 


4.  2.4  All  units  are  to  be  constructed  in  accordance  with  the 
ASME  Code  for  unfired  pressure  vessels  and  carry  the 
appropriate  stamp.  The  usual  construction  for  oil  opera- 
ted engines  is  a welded  steel  shell  with  removable  ends 
for  cleaning  the  gas  passages  and  with  boiler  tubes 
welded  into  steel  tube  sheets. 

4.  2.5  The  waste  heat  unit  shall  be  designed  and  fabricated  in 
accordance  with  ASME  Code  Sec.  VII  DIVI  for  hot  water. 
The  maximum  water  pressure  shall  not  exceed  125  psig  at 
250°F. 
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CHAPTER  V 

CONCEPTUAL  DESIGN  OF 
SOLID  WASTE  MANAGEMENT 

SYSTEM 
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CONCEPTUAL  DESIGN 
OF 

SOLID  WASTE  MANAGEMENT  SYSTEM 


Incineration  with  heat. recovery  has  been  selected  as  the 
method  of  waste  disposal  and  integration  into  the  (TU)  Total  Uti- 
lity  Plant  for  the  1200  EM  Barracks  Complex.  The  task  is  to 
design  a system  that  makes  the  most  efficient  use  of  the  waste 
material  generated  in  the  complex  and  at  the  same  time  reduces 
the  waste  disposal's  impact  on  the  environment.  The  equipment 
selected  must  also  be  presently  commercially  available  from  several 
companies  to  insure  competitive  price  and  delivery. 

Incineration  and  heat  recovery  is  a continually  changing 
field.  Therefore,  emerging  technology  must  be  continuously  sur- 
veyed for  rapidly  growing  improvements  that  can  be  beneficially 
applied  to  this  project. 


The  initial  solid  waste  data  is  summarized  in  Table  I,  which 
gives  estimates  of  the  expected  quantity,  by  weight,  of  wastes 
generated  in  each  of  the  sixteen  buildings  which  comprise  the 
1200  man  complex.  Originally  supplied  design  parameters  suggested 
a single  standard  value  for  both  the  density  values  and  energy 
( BTU)  content  for  all  of  these  wastes. 

Table  I,  however,  presents  two  sets  of  data.  One  is  based 
on  the  Corps  of  Engineers  furnished  figures;  the  other  revises 
the  initial  data  on  the  basis  of  certain  generally  accepted 
industry  classifications  such  as  type,  heat  content  and  density 
associated  with  each  waste  type.  The  totals  in  Table  I were 
calculated  with  and  without  food  service  building  wastes.  This 
was  done  to  point  out  the  importance  of  this  particular  source 
of  waste  material  and  its  influence  on  the  overall  project. 

Based  upon  a graphical  representation  of  a composite  "People 
Load"  Profile  at  the  complex,  (Table  II) , a projected  total  weight 
of  wastes  generated  was  calculated  in  order  to  verify  original 
assumptions . 
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ype  of  waste,  BTU/lb.  and  density  data  based  on  the  publication 
Incineration  Standards"  by  Incineration  Institute  of  America. 


The  peak,  daily,  number  of  people  at  8:00  a.m..  Noon  and 
6:00  p.m.  (1800  hours)  were  assumed  as  the  the  number  of  meals 
served.  Incinerator  Institute  of  America's  data  listing  quan- 
tities of  waste  for  typical  operations  were  used  to  establish 
a figure  of  2 pounds  of  waste  material  per  meal.  In  addition, 
we  used  a figure  of  3 pounds  of  waste  per  person  for  the  average 
number  of  people  in  the  complex.  This  procedure  gave  us  a total 
weight  of  8,406  pounds  of  generated  waste  correlating  very  well 
with  the  8,393  pounds  presented  in  the  original  data.  All  further 
calculations  were  based  on  the  original  8,393  pounds. 

Tables  III  a,  b,  c and  d tabulate  the  recoverable  heat 
from  the  Diesel  generators  and  the  incinerator,  the  required 
heat  for  heating,  cooling  and  domestic  hot  water  from  representative 
profiles  furnished  us  and  the  heat  required  from  the  boilers. 
Tabulations  are  made  for  five  and  seven  hour  burn  cycles  and  for 
the  original  and  suggested  revised  data. 

The  decision  as  to  what  hours  the  incinerator  should  be 
operating  can  be  made  by  reviewing  the  data  in  Tables  III.  For 
the  purposes  of  this  study,  we  have  initially  selected  burn 
cycles  of  5 and  7 hours  (actual  incineration) . This  will  require 
only  a single  operating  shift. 


During  the  winter  months  the  required  heat  so  far  exceeds 
the  available  that  the  time  or  length  of  burning  seems  incon- 

m 

sequential . 


Under  summer  conditions,  the  peak  BTU  demand  occurs  between 
Noon  and  7:00  p.m.  Burn  time  can  then  be  established  as  12:00 
to  5:00  p.m.  for  a five  hour  burn  or  12:00  to  7:00  p.m.  for  a 
seven  hour  burn.  However,  this  does  not  preclude  shifting  the 
burn  time,  during  the  winter  months,  to  get  a better  match  with 
peak  heating  demand. 


Using  the  original  data  for  the  summer  months,  it  is  apparent 
that  a seven  hour  burn  cycle  wastes  less  BTU 1 s than  the  five 
hour  cycle.  The  five  hour  cycle  creates  an  oversupply  on  10  of 
the  15  hours  our  data  covers.  The  total  loss  is  11,623  MBH. 

The  seven  hour  cycle  produces  excess  BTU's  5 of  the  21  hours 
the  data  covers  for  a loss  of  3,149  MBH. 


With  the  suggested  revised  data  we  have  a similar,  but  not 
so  drastic  situation.  The  five  hour  cycle  produces  an  overage 
2 of  the  15  hours  our  data  covers  for  a loss  of  751  MBH.  The 
seven  hour  cycle  produces  no  excess  BTU's. 
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A seven  hour  burn  cycle  for  winter  and  summer  would  therefore 
seem  more  appropriate  than  a five  hour  cycle.  It  is  assumed  that 
an  S hour  shift  would  produce  a seven  hour  burn  cycle. 

The  selection  of  an  incinerator  must  be  based  on  the  amount 
and  type  of  waste  to  be  incinerated.  Based  on  the  use  of  the 
buildings  we  can  assume  that  Type  0,  1,  2 and  3 wastes  will  be 
incinerated . This  type  of  waste  can  be  handled  by  a two  chamber 
controlled  air  type  of  incinerator.  This  type  of  unit  is  relatively 
inexpensive,  easy  to  operate  and  maintain  and  is  available  from 
many  existing  sources.  One  of  their  great  cost  advantages  is  that 
they  can  meet  emission  standards  without  additional  exhaust 
gas  cleaning  equipment. 

The  selection  of  an  actual  unit  is  dependent  upon  the  weight 
and  volume  of  material  to  be  incinerated.  The  requirements  are 
as  follows: 


Burn  Time 

5 hours 

7 hours 

#/hr  burned 

1679 

1199 

ft^/hr  burned 

(orig.  data) 

504 

360 

ft^/hr  burned 

(revised  data) 

110 

79 

106 


Sample  data  on  two  incinerator  sizes  and  three  different 
manufacturers'  models  that  would  handle  the  above  loads  are: 


Manufacturer 

ft3 

Capacity 

#/hr 

Proposed 
Burn  Cycle 

Manufacturer  A^ 

550 

1520-2100 

5 hours 

Manufacturer  A2 

325 

1110-1600 

7 hours 

Manufacturer 

401 

1475 

7 hours 

Manufacturer  B2 

625 

1950 

5 hours 

Manufacturer 

415 

1425 

7 hours 

Manufacturer  C2 

523 

1900 

5 hours 

A small  front  loader  can  be  used  for  all  material  handling 
after  the  waste  material  is  dumped  into  the  storage  area  of  the 
incinerator  building.  The  front  loader  can  be  used  to  move  the 
material  around  to  facilitate  storage  and  to  load  the  material 
into  the  incinerator.  The  same  unit  can  be  used  to  aid  in  ash 
removal . 


The  building  size  is  determined  by  the  garbage  storage 
area  required,  the  size  of  the  incinerator  and  its  loader  and  the 
operating  area  required  around  the  incinerator. 

Based  on  an  assumed  twice  a week  pick-up  and  a waste  storage 
height  of  3 feet,  the  area  required  for  waste  storage  would  be: 

A = ft-*  waste/day  x 3.5  days 
3 ft. 

A (based  on  original  data)  = 2937.6  ft2 

A (based  on  revised  data)  = 644.6  ft2 

We  can  see  that  it  is  crucial  to  have  as  accurate  as  possible 
a figure  on  waste  volume  to  size  the  incinerator  plant.  Field 
characterization  tests  are  recommended  for  exact  determination. 

The  width  of  the  building  will  be  determined  by  the  incin- 
erator, operating  area  around  the  incinerator  and  a storage  area 
for  bulky  waste  items  awaiting  removal.  For  the  purpose  of  this 
report,  we  will  assume  the  length  of  the  incinerator  to  go  across 
the  width  of  the  building. 
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As  an  example,  the  lengths  of  the  two  Manufacturer  A's 
models  we  have  assumed  are: 


Model 

Length* 

Clearance  for 
Cleanout  and 
Inspection 

Total 

A1 

24  ' 

6 ' - 6" 

U> 

o 

ck 

a2 

29' 

6 ' -10" 

35 ' -10 

‘Includes 

feeding  equipment. 

Width  of 

the  units  are: 

Model 

Width 

Clearance  for 
Cleiinout  and 
Inspection 

Total 

A1 

ll'-l" 

4' 

1 5 ' -1 " 

A2 

H 

1 

<N 

H 

4 ' 

16  1 -1" 

Additional  room  is  required  at  the  cleanout  end  if  we  are 
to  use  the  front  loader  to  aid  in  ash  removal,  and  10  more  feet 
should  be  allowed  for  this.  Another  eight  foot  long  storage 
area  for  large  objects  should  be  provided. 
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Based  on  the  A^  model  the  building  width  required  would 
be  48'-6"  (inside  dimension).  The  length  would  be  16'  for  the 
incinerator  plus  60'-7"  or  13'-4"  depending  on  the  storage  area 
required  for  the  original  or  revised  data.  Drawing  B-SK-1  is 
a proposed  layout  of  the  incinerator  building. 

Ash  removal  from  the  incinerator  will  be  manual  and  per- 
formed daily.  Incineration  can  produce  an  80%  to  90%  reduction 
in  solids.  ^ This  would  represent  an  ash  residue  of: 

Original  data:  503.6  ft^  or  18.65  yd^ 

, (See  Table  I) 

Revised  data:  110.5  ftJ  or  4.1  ydJ 

This  data  would  suggest  ash  pick-up  for  hauling  to  a disposal 
area  of  once  a day  based  on  the  original  data  or  twice  a week 
based  on  the  suggested  revised  data.  A small  front  loader  could 
be  used  (the  same  one  as  for  material  handling)  to  transfer  ash 
from  the  ash  pit  to  an  ash  storage  container  to  await  pick-up. 

3 

It  would  require  two  shifts  to  remove  the  503  ft  projected  by 
the  original  data  and  one  shift  to  remove  the  110  ft3  of  the 
revised  data. 

(1)  MI US  Technical  Evaluation 

Solid  Waste  Collection  and  Disposal 
ORNL. 


no 
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Only  one  man  would  be  needed  to  operate  and  load  the  in- 
cinerator. The  same  man  could  remove  the  ashes  from  the  ash 
pit  if  the  revised  data  is  used.  Based  on  the  original  data, 
a second  man  (second  shift)  would  be  required  to  continue  ash 
removal. 

An  eight  hour,  one  man,  shift  would  be  as  follows: 

11:00  a. m. -Noon:  Ash  cleanout  and  start  incineration. 

Noon-7:00  p.m. : Continue  incineration,  remove  ashes 

from  ash  pit,  put  equipment  in  shut- 
down mode  at  end  of  cycle . 

If  required,  the  second  shift  would  be  for  ash  removal 

only. 

The  amount  of  heat  that  can  be  recovered  from  the  inciner- 
ation process  is  tabulated  in  Table  III  a,  b,  c and  d.  The 
recoverable  MBH  was  determined  by 


.*  • » 
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MBH  Recoverable  = (Qa  + p ) e 

(B ) (See  Data  Sheet  IV) 

1000 

Qa  = BTU  available  in  the  waste  generated. 

B = Burn  time  in  hours . 

F = BTUH  input  for  primary  and  secondary  chamber  aux- 

iliary burning.  (Data  taken  from  manufacturer's 
catalog) . 

e = Heat  recovery  efficiency  - taken  as  a conservative 

50%  for  this  study.  (Depending  upon  the  type  of 
heat  recovery  equipment  selected,  this  figure  can 
be  as  high  as  65%)  . 

Heat  can  be  recovered  and  used  in  several  ways.  Using  an 
integrated  gas  to  water  heat  exchanger  with  the  incinerator  and 
assuming  a water  inlet  temperature  of  223°F,  we  could  generate 
approximately  280  GPM  of  245 °F  water  or  approximately  30  GPM 
of  420°F  water  for  the  thermal  storage  tank.  Another  option 
would  be  to  raise  the  temperature  of  the  thermal  storage  tank 
to  account  for  the  temperature  drop  the  tank  will  see  during  the 
time  the  incinerator  plant  is  not  running. 
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Without  using  a gas  to  water  heat  exchanger,  the  inciner- 
ator flue  gas  could  be  introduced  directly  in  one  of  the  hot 
water  heaters  which  would  be  modified  to  operate  either  as  a 
waste  heat,  or  oil  fired  hot  water  heater.  This  method  would 
utilize  the  same  auxiliary  boiler  equipment  used  in  conjunction 
with  the  prime  movers.  The  above  options  would  eliminate  the 
heat  recovery  unit  at  the  incinerator. 

Any  method  of  heat  recovery  selected  would  require  a layout 
of  the  energy  plant  to  be  compatible  with  the  particular  scheme 
selected . 

Heat  storage  for  the  incinerator  system  would  not  seem 
to  be  warranted  in  this  study.  if  we  use  the  suggested  revised 
data,  we  do  not  produce  more  BTU's  than  can  be  used  for  either 
a 5 or  7 hour  burn  cycle.  If  the  original  data  is  used,  the 
seven  hour  burn  cycle  produces  some  excess  BTU's  but  its  total 
for  any  day  is  not  enough  to  supply  the  needs  of  any  single  high 
usage  hour.  The  5 hour  burn  cycle  (original  data)  produces 
excess  BTU's  66.7%  of  the  time  during  the  summer  months.  This 
would  be  more  indicative  of  a longer  burn  cycle  rather  than 
heat  storage. 


In  terms  of  fuel  savings  only,  the  recoverable  heat  is 
equivalent  to  45.5  gallons  per  day  of  No.  2 Diesel  fuel.  This 
takes  into  account  the  fuel  required  for  auxiliary  burning  in 
the  incinerator.  In  addition  to  this  saving,  present  hauling 
and  disposal  costs  of  wastes  can  be  reduced  by  approximately 
80  to  90%  and  spent  Diesel  lubricating  oil  reused  as  fuel  in 
the  incinerator  burners.  As  a result,  gross  savings  exceed 
fuel  savings  by  the  latter  two  items. 

Utility  requirements  for  the  system  are  as  follows: 

Electrical : 220V,  3 phase,  60  Hz,  50  Amp  and  110V, 

60  Hz,  20  Amp. 

Gas : 6"  W.C.  natural,  11"  W.C.  L.P.  (can  also 

be  supplied  with  oil  burners) . 
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Water:  Sufficient  for  a spray  to  cool  down  the 

primary  chamber  in  the  event  excessive 
temperatures  are  encountered.  In  addition, 
a standard  hose  fitting  for  general  clean- 
up around  the  incinerator. 

This  study  presumes  garbage  will  be  collected  in  "Dempster 
Dumpsters"  with  one  Dumpster  serving  every  two  buildings.  We 
have  assumed  twice  a week  pick-up.  The  size  of  the  Dumpsters 
can  be  determined  when  more  precise  data  is  available  on  the 
volume  of  waste  generated. 
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19  500 

6j4// 

4 3 74S 

17 

550 

750 

5,000 

15,200 

aJ/A 

1 2,2  030 

43 

535 

755 

2,  97o 

!(o,  G>o& 

1 3,6  60 

19 

495 

69  5 

2 , 730 

16, 350 

(4j  170 

28 

495 

675 

2 530 

15,  350 

13,  2 70 

2! 

495 

675 

2,580 

15  350 

i Z4  7 70 

22 

495 

675 

2580 

16,317 

1 4,  33  7 

23 

*?17 

515 

2 060 
/ 

1 

17,  050 

m 

/ 4.  9 <5o 

-h  5 Hour  born  ~ (D  r ifinp  / /3<t  fo_.  ^ 

* M37VH  LmJ  Column  mduJeS  Qa-rsfe  Hof  h'sftH  ee^Pe~*~s- 

iah*  -front  Jon  22  h 25  Indirect  Prozoo  0 Prof Je~  Campsite ‘ ^ ~ 


AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK,  N.  Y. 

BY DATE  S/fz./'!//,  SUBJECT SHEET  NO.„2 OF.^ 

CHKD.  BY DATE. JOB  N O. 

...Jk£L.iA..ASry..~^.ru  Xuju.ZJI-L 

P-bJ,  l /.  Cltrdtic  /for  I /<e  C/o.  , /; pc  St  /&  -from  J/er  Taft?  J 5 ~/f  V ° &Jre*- 

z.  Mectf,no  Prcit/e  Got)}fo-:i'f<z  " 7 '•  " " 

3.  Zndi  f ec'f’  (/recall  fro  rt  .4*  Cc  iy;pc c/'/s  ( Oat/if* s’/tc  Ho/  Ufo/r-f  ^ -frem 
lArf? c*-f h & r 7~o/)e  /r^rv  3-w/c<_  . • 


Al<7 

J~  CCtcj 

t l^c.. 
On/u 

Tofc-/  me/, 
par  **i  1 fit 

fl-TY  ICO 

// 

12. 

15 
>H 

/S  i c5 "6o 
//> 
n 

ft 
>1 


Ztc-  H7S 

2 3 3/S 


H6Z 
H6>  2- 
462 
HCZ 

//z 
*/  9S” 
ss<o 

6 40 


7SO 

-75S 

763 

2 

&sro 

2/0 

-76,0 

-7ST6 


H&CC  I zero  t/e 
'Of  c H 

Tela / K UJ 


I&7& 


levs 


ZZoo 
3 56  ° 
3 3&0 
3 <=>c?& 

3<OO0> 
30>3  6 
3 Hero 

2>ZH& 
SttVO 
3 3VO 
3cc<z> 
7990 
2730 


6h'j5~  I 

S/S  I 


of 

fe}*.cxj>t  CTot&l  3 

h/fi,  i ipso 

I 7,  c?  ?S* 
/5;673* 
/ssoz 
/SPSS’ 
1(0,11° 
I'/jSCl 

i7,/?o 
IS,  6 Off 

ispzs 

I SOI  5 

I 

!LpSO 

jspsc 

i ‘ipse 


>Hpso 

IHjic  o 


/Spiff 
/bp  IS 

zopso 

/SjC/o 

/k.Skl 


Sr  oo  i A h I e 
MO  H 
■f  fa  m 
iricinera  6< 


/j/fl 
0.4// 
6J  ^ // 
6,4// 

6.4.4 

6.4  // 

///// 


rid# 

-f-ro  »n  — 

*St;i  /-EE 

(4)202 
J 52227. 
13,827 

13,  634 
>3,307 
14,130 
/ 3,302 

14,  63° 
(3,370 
13,723 
13,133 
>3,390 

3.203 

4,460 

4,790 
4,  SO. 
4,343 
/ /,  333 
/ 2,  163 

12.203 
/ 2,  703 
t z,4  30 
/ 3,  PS7 


ZciSfi 


He,  c ; r b or  rt  - O r 10  in  a t 


BY .;w.t DATE  _ / 

CHKD.  BY . DATE... 

. Ik tt  /a.  - . 5_e  J2X 


AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK,  N.  Y. 

7 ',7  7 / ”/  ^ ^7  / 1 

DATE  SlAllJl?  SUBJECT,  _ - -^Cl. 5 


Hz  A T /■? ECOy^J?  Y'  4 - / /O/u'z 

"’rfas'/sY'  1W~ 


SHEET  NO..  .4...  OFjt?. 
job  ho..j$j!AJJ}j5LJL-.. 


, ? EFZriErlczG • /-  ElecrHc  frs'iE  G>r»psa,  .‘j 

b’j  G P-  C.,  2.  ■ Eoj/oia  Prfitili  " 


•*>  iZt'oinz^  Zaps  7^454  JOnG 


5.  InPincT  Pracgzc.  Profile?  Eb^poalid  f/5>o/»estiC  Pat  Kfcferj 
/V.V/i  so„,e  r/ZattiSr'  Pap3j 


HW 

Load 

Hour 

EizHric 

cPy 

/ o £?/,  JrcL 

para-Ei  r>C 
zUrr  ■*•  -iHl 

24 

262 

70? 

/ 

26Z 

70? 

2 

2G2 

1 o? 

3 

zoz 

?o? 

/ / 
*7 

262 

7o? 

5 

295 

144 

6 

55  6 

737 

7 

440 

& 81 

3 

625 

1,07  Z 

9 

550 

997 

to 

535 

98Z 

II 

j'G^ 

l,o  tz 

12 

709 

1.151 

.'? 

850 

1,0  57 

14 

610 

1,  0S7 

/5 

560 

ipol 

/<£ 

655 

ip&z 

/7 

550 

997 

18 

555 

98Z 

19 

405 

?4Z 

20 

445 

&3Z 

21 

445 

331 

21 

445 

3 8Z 

2'b 

515 

161 

P'SzpVtrnb'z 

\ MibH 


Z&3& 
Zp  36 
zp  36 

z,83  6 
Zp6B 
3,  /<5<5 
3,^6? 

4.2- 83 
bp  88 
bp  zs 
4-}C4& 
4-J&1& 
‘i ,388 
Hpz& 

Htoze 
Hpz8 
3,  388 
3,  3 2-fi 
3 y 74<3 

z,-se,e 

ZjS~C8 

3.3- 68 


JC/)$ 

0> 

Ai>$U? 
r? 2.V..? 


M3H 


£pcJ a * 1 

5 690  I 
3,465 
/,  963 
/,  392 
1,  295 
lf  Goo 
7 2 V 2 
5 482 
5.444 
1,  .'96 

I, 373 
9,7/3 

II.  39/ 

ii,  no 

II,  <535 

11.  555 
//  930 
/.',  563 

12,  490, 
9,  70? 
6.504 
3,59-9 
7.  0 5 5 
6, 5 95 


/4  vailopi 
l.i.bH 

?rO«rx 

j ncin  <fr p hr 


Ps  faired 

irzer’* 

•boiler 


B/fl 
6>,4  // 
6,4?  II 
6j4  U 
8;  4 ft 
6j  4 n 

P/8 


o 

o 

o 

o 

CO 

o 

/,  /59 

3,118 
3,937 
f,66P 
3SZ 
3 II 
99/ 
i,  141 
881 
7,  37Z 

a 

5,  -5/6 
/,  357 
3p6S 

~£,  3*/  7* 


(2)  ZaZi^r  PrMs.  Composite  Lead*  Err  A-'Ji  hour*  fsrc.'H  u.'s/a/luP  capac/j. 


, >j  SrtiOK*  max/mum  c P ~ t&ZZSerjzffCx) 

8 Hour  ibiorri  - Original  13&4 cv. 
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AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK,  N.  Y. 

if DATE  iz/zs/jb  SUBJECT AV,  /)<=•/  \SQir SHEET  NO._?TI---  C 

:hko.  bv DATE HiSjl A- Jf £.  £icje£?JC y- _ C~aL 1 £ LiIo/m? J?S JOB  N o..£.Cn_J_Q 


Ki ?i  ■ I.  fieri rtc  fro  ft/e  f/nifTsS  i/o  front  U^esr/Zier  /izfe  s S~  V S' V /f#  fiz* 

a.  Cc&/nf  f/cf/f  C0/7)for./f<r 

3,  J K^ire’c'r  fccn?.^  frof/e.  (Zz/vfnf/fe/Dcm  e^cf/c  //c./ Ujo 
frrt-n.  /£-  re  / S S3  V Ifs'/ca. 


£t  i/a  liable  j fli-a  t/mj 
(~ctall  I W & H j n~*£H 

•f  ro  /Jt 

Incineraicr  ( Bo  tier 


. /tV7 

f oc,  <i 

El*o 

enf 

TpToi  uci 
paruStf'C, 

Blrd.-AHl 

7&? 
7<5? 
709 
709 
7o? 
7*2 
79  7 
£32 
<2  072 
997 
982 

ljO/2 

lj/S7 

\,C87 


982 

5>*/l 

892 

892 

532 

062 


R.’fCct'frnkte 
Mbt) 
Tcfttl  K‘JJ 

Tone 

of 

Slietp. 

Zebra} 

Z,SIG 

IS  7 

2,63b 

IS  7 

2,  6 36 

13/ 

2,5  36 

<36 

2,636 

<2  2- 

2,  ?6<5 

59 

3jl  £8 

«?7 

3,548 

/7y 

% 2 £3 

77g 

3,5  S3 

53e> 

3j  ?28 

37/ 

4jC4S 

36/ 

86  IS 

HHS 

Of  £6 

VO  3 

*1)228 

V3Z. 

y,  oz& 

V3  V 

3,  523 

V63 

3f£S 

32V 

Sfi>l  7 
3,5‘6'S 
3(3c9 

3636 
3,S  Y2- 
77.93 


f4" 
8,4// 
8)4  // 
6)4// 
f 4 // 
0/4 


2 4 S3 
2)435 
7S2 
473 
Z ) 8 
o 

65 4 

/j  Z 35 

/j  ?68 

3}ZBO 
3j  724 
4-jSl  e 

/O 

O 

G 

O 

3.  72  2- 
4.13$ 
3.  065 
2 SO 
Sz  I 
2/243 
i,S4  2 


or  fcc.  k 


AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK,  N.  Y. 

BY DATE  iZ/e/ss  SUBJECT.  _ .F.  SHEET  NO. 

CHKO.  BY DATE 6r’  '//  j Wi  / Car/--  ‘ 7 JOB  NO  / 5 5~ 

JO-GiT-  k--S.i--XFIZi.~C-*  

' I.  fotpcrrio  ,-/p ■///>?  ^w/T/Vsy/e  ffC,o  /fvfV  £>c//tu^ 

e?.  Ccc/f>:<f  Cc-tP fip-St/c  // 

3'  ’JFnsfirec'r  Proc^oc  hoPt  b Co C^a/z/^p/zc  //*/  lVa/#r) 
■f  rc.  m W^r< to^r  3 7-e-  /S7  5 4 //& 


Hcvr 

/Tl'J  7 

c''4 

AS.&T? 
Tcfo/  tHU 
-t \m? S V 

7 CK  S 
OT 

’Y-iictf. 

iZx'.'j 

Z*4uir*J 
#m  3 -4 
fVcdsO 

A i /ailoofe 
C-’.BH 
7 ram 

Xr.C/nerc-^er' 

^4  6« 
f ^ tM 

So»fcr 

Z /«/• 

Af 

Tail!  1*0. 
rar^ut*C. 

fl*4.  i UU7 

. 

256 

7<5>S 

-Z42C 

70 

ZcctP 

C/8 

),Z40 

/ 

253 

735 

2320 

‘iC 

Z / 40 

C 

. 

Z 

253 

735 

2*c£  2-0 

3£ 

8 46 

O . 

3 

zss 

735 

74  7-0 

3 

1 16 

o 

7 

2 5& 

7oS 

Z 3 



o 

.1  3 £ 

o 

. 

3"  • 

2.SQ 

734 

z8  zc 

'J 

HC 

o 

<£ 

3o4 

7/  Z' 

ZS5S 

-lo 

8 so 

o 

_ ...  

7 

3 70 

?/7 

3 26# 

Fo 

\ ZoFC 

o 

<5 

/oc 

II IZ 

n% 

S 1401 

o 

_3 

czc 

1072 

//  *?  *5" 

zs 

6744 

667 

fa 

6o& 

/c?6  7 

hrscs 

177 

1 7qo 

5,5-92 

n 

6*7  0 

l(P?4 

43  40 

$32 

7421 

C/8 

3.  <?47 

/ 2 

6 35' 

/C2Z- 

7113- 

37r 

3 ro3 

63 

// 

C? 

2,233  MEH  Ercr. 

1 3 

S6tO 

loci 

842% 

4,57  j 

e^ss 

z,  4 // 

O 

2,35/  " 

/¥ 

4 &6> 

4 CP  7 

3613 

7<r 

8679 

6,4  c 

O 

1 460  “ " 

nr 

4 6 S’ 

HZ 

4// 

2637 

6,4// 

O 

1,426  " •' 

/i 

4?S 

6 12 

p68S 

437 

3161 

6,4  // 

O 

553?  *' 

J~7 

436' 

882 

3S28 

357 

805? 

C//1 

4,870 

!& 

4 74 

7iz. 

3688 

3/y 

£>622 

77  7 63 

IJ 

4 SC 

377 

348  e 

>ko 

4 27(7 

682 

2a 

4Z<7 

8 c,  7 

346  S 

-)C 

7 5277 

O 

1 

2/ 

413 

867 

2>26S 

1920 

O 

Z2 

3SS 

eo2 

3 2^23  i 

35 

Cl '3 

O 

1 

3ec 

1 

7^7 

39  4 2s 

-3 

1405 

C/6 

O 

l/cvr  burn  • (Ortr/irel 
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AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK,  N.  Y. 

BY ~ '.'ll. DATE  SUBJECT '(fj^ SHEET  NO.../ OF.£?_.. 

CHKD.  BY DATE... HSdll. -0/SAO5 JOB  NO. . Alt) J.BS.2l 

De/ft  5x2 TILL rJ 

22  far',.  r_l  : G ~r£~  C (5^33  S-LEOTSttC  PPOr/LS  — ComPCmte  . PEAX*  OotjOi  r;v5 

F&OKr/  V/iEA TPs. .2  TE PE  154-54-  DATA-  C3Mp£3/~d  OATsl  ,-c.E  JP.fJ.22fo 


P.ZOr/Ld 

7*4  r so  7 -75  -76 

S f^ror. 

> l£  Cbmp.  , 

Jan??.  1 

Jap-  23. 

r!:-jr 

XJ  Load 

Peto/vr#  alj 

MdT'JH 

Tot  a/  Jr/ * C 

r?fJir/S~aJ 

.V//3  TUH 
{fro**  Co^p****? 
Co'pJ id  7*  .'5) 

f At  Srtt.  O' 6 i<2 

t<l>m  JnCie*C'’**icsm 

1 &7JH 1 

1 

1 

jn>*Ti 

Gdd  dtpn  *>  j 
S'sfu^C.Ca  M£>H 

Electric 

Only 

Total , pch 
jSortS.'.-'O. 

(SI.  1 2oo) 

211 

262  j 

462  ! 

/ 34& 

17,  134 

H/A 

tor,  5 56 

I 

262 

4 62 

1,345 

'll  3/  J-i 
'T  • 

JZj  4(6 

2 

2b? 

U6Z 

1,  345 

13,  275 

//j  4 27 

b 

7G2 

| 

462 

1,343 

ib,  202 

ij2  $ f_4 

* 

26  2 

462 

/,  348 

/3„  450 

l/j  6^2 

5 

I 

2d5 

4 9 5 \ 

4 530 

13  56o 

t 

U,S  So 

G> 

?5o 

550 

Z Zoo 

14,  5)10 

■’?;  7/2 

7 

lip-0 

040 

2,  560 

14,  700 

:Z?  140 

B 

625 

325 

3,  300 

14  250 

/O)  P,SC 

9 

550 

750 

3,  000 

14,  6?5 

//.  6 2j? 

:o 

535 

735 

2 94 '0 

J 

/4  boo 

//,  7 60 

// 

565 

765 

3,  060 

15,550 

1 2.  S$0 

12 

705 

002 

3,636 

/5,  t25 

\ 4,*J7 

£■  9J2 

13 

650 

350 

4 4oo 

14,  400 

1 *7,  S 4 7_ 

6,  4 S3 

t’4 

6:o 

Bio 

4 240 

14  7 50 

4,S4  7 

6 >5  03 

15 

560 

7(a0 

4 C40 

14.  350 

J SJ  7 

7,  3 65 

16 

655 

355  j 

4 340 

/4  500 

J it  J 7 
* 

6.  6/2 

17 

\ 

550 

750  j 

3,  oso 

H5, 2oo 

4'S 

*7 

7,  €S2 

43 

535 

735 

2 540 

16, 5>oc> 

\ +.S47 

2.  / ■ - 

/9 

lr  5 5 

055 

4 730 

16,  550 

47/A 

IP,  i 70 

A A 

Uu8 

2)45 

2 5S0 

15,  £50  j 

1 J 2 70 

2! 

445 

645 

2,530 

15  3 50 

,,  2 . 7 TO> 

22 

445 

045 

2 583 

16,517 

l 

/<  ■ i 7 

& 

bib 

515 

2,  obo 

17,  050 

1 

1 

1 14.  ??o 

...  — 

~7  poor  earn-  Or'?/”#/  , . 

P-JreJ  M3TUH  LoeJ  "’^Jes  Hot  hnten  ftTa~K~*~s 

(nan,  Jon  22  /*  23  JnoJ.rrct  proc,**  ProUg  Ecocide  - 136  - 


AMERICAN  HYDROTHERM  CORPORATION 


BY DATE 

CHKD.  BY DATE. 


..C. 


NEW  YORK,  N.  Y. 

SUBJECT /(■_  _ . 0)(2_ 

h'£A jr  P/scovizy  cal  op&yr/ous 
JAMOA&C ~2*f~ 


SHEET  NO J. 

JOB  NO . 


JP£F5P5.s/CS> 
ky  <5,./5.C.lnc 


l.  Electric  Composite  from  HCafaer  Tape  /5P5E  Data 

Z.  Hea~i'1't  Profile  Comp  on) re  " " " " " 

3.  Otrresfc  Hof  f/nfer  Prof/Js  ” " " « 

(Jndirtrci  Prccrna  Prrrt/e  Composite) 


~:cu>~ 

PV) 

LoAD 

E?eco  vdrob!* 

M&H 
Total  *E/s  X. 

Peau.rest 

m'&h 

(total) 
Hea/inp  b Part 

A satiable 
Pl/bH 

from 

Inc.  trier. 

Peomrsa 

MHH 

trem 

(Oilier 

f/e^rric 

C 7) 'if 

fota! t true! 
ptfrpitrlC 

Elec  + 19$ 

24 

253 

55  i 

/,80E 

tO,  0O0 

Of, 

75 

/ 4,256 

l 

253 

E5! 

/ 80E 

/E,  952 

/3,  17  e 

2 

253 

E5! 

l,  80E 

/5,  70>5 

Hi  9&4 

3 

253 

E51 

l,&OE 

!3,  530 

//,  732. 

E 

253 

E5t 

!,30E 

13.  550 

II,  732. 

c 

s 

25& 

E5! 

l,3oE 

t3,  550 

//,  7 31 

6 

270 

W 

1,352 

IE  575 

n}5Z2 

7 

575 

50& 

2,212 

13,  9&0 

II,  708 

£ 

G20 

313 

3,752 

/3.E25 

to,,  no 

5 

025 

313 

3 271 

!5,  350 

10,  GZ6 

to 

to  GO 

793 

3,  >72 

12,  325 

9,  7 S3 

n 

0E3 

3 El 

3,5DE 

12,  500 

H/A 

S>,42£ 

/2 

0E5 

333 

3.352 

il,  5 >55 

4,547 

4,  os  6 

/5 

550 

7E3 

2,372 

li,  102 

4,547 

3,  £ 75 

IE 

E5  ! 

6,  EE 

2,  57 Co 

II,  210 

4,547 

4,  op  7 

/5 

E5I 

DEE 

2,570 

It,  E50 

4,547 

4.4/7 

lO 

E05 

<355 

2,032 

II,  351 

4,547 

4 , (72 

17 

l+Li.0 

553 

2,532 

II,  77 0 

4,547 

4}  69/ 

t& 

E 75 

003 

2,012 

12,550 

4547 

5,22/ 

H> 

E50 

6E5 

2,572 

12,550 

fo/fi 

3,  276 

2£ 

El  0 

005 

2,  E/2 

12,  125 

5,7/3 

2! 

E/0 

&G3 

2,  EH 

II,  550 

%53p 

22 

350 

5e$ 

2.  172 

12  700 
1 

1 C,  5(5 

73 

500 

EOb 

. 

t,  7)72 

12,375 

U/A 

ItTj  ~'S 

-f  f ‘H tor  t’orr,  - 5 r ,C,:  re,  f Crerfd, 
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AMERICAN  HYDROTHERM  CORPORATION 

NEW  YORK.  N.  Y. 


Total  itrV 


MK>H 

•v*<wr» 

'3  o/.S/" 


nan  ■?  r Arts' 


IT  IV 

LoAO 

Hour 

cliernc 

only 

*9  ?alt  met 
parasitic 
3 6 HI 

26 

26,2 

70? 

J 

262 

70? 

2 

202 

7 0 ? 

3 

862 

70? 

4' 

202 

70? 

5 

295 

762. 

6 

950 

797 

7 

660 

387 

3 

625 

1,072. 

*3 

550 

597 

10 

555 

982 

H 

56,5 

ipll 

H 

709 

1.157 

;3 

650 

1,097 

16 

610 

J,  OS  7 

15 

560 

1,007 

!& 

655 

1,0  &Z 

n 

550 

997 

/s 

555 

98  Z 

/e 

6-55 

96z 

20 

665 

391 

2! 

*7*5 

692 

21 

1+ if-  ? 

3 92 

n 

- ✓ 

515 

761 

AMERICAN  HYDROTHERM  CORPORATION 
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General  Description  and  Specification 
for 

A Central  Control  and  Monitoring  System  (CCMS) 


1.0.  GENERAL  DESCRIPTION 

The  pertinent  monitoring  points  selected  for  the  systei. 
give  the  operator  real  time  information  concerning  the 
total  operation  of  the  Total  Utility  Plant.  By  monitor- 
ing load  levels,  fuel  usage,  electrical  and  thermal 
energy  outputs,  the  system  calculates  the  performance 
of  each  major  plant  component  and  utilizes  the  equipment 
with  optimum  efficiency. 

The  monitoring  of  each  component  as  to  "on-off"  status, 
alarms,  and  safeties,  coupled  with  commandabi 1 ity  insures 
the  equipment's  reliability  and  project  information  for 
preventative  maintenance  programs. 


i 


! 

t 


i 
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The  Central  Control  and  Monitoring  System  is  composed 
of  (1)  A central  processing  unit  to  scan  the  selected 
point  as  described  on  the  flow  diagrams,  direct  the 
gathering  of  information,  process  the  data,  and  inter- 
face the  peripheral  devices.  (2)  An  operator's  terminal 
to  provide  the  man-machine  interface  and  designed  f r 
ease  of  system  operation  and  understanding.  (3)  A data 
logger  to  provide  hard  copy  printout  of  all  informati 
in  the  system. 

The  Total  Utility  Plant  is  made  up  of  a Complete  Central 
System  which  in  turn  is  divided  into  (9)  nine  subsystems 

1 . 1 Central  System: 

Monitoring  points:  thermal  and  electrical  eneray 

usage  at  the  following  points: 


1.1.1  In 

£Ut 

1. 

(GPM)  Boiler  Fuel 

2. 

GPM.  Engine  Fuel 

3. 

BTU/hr . 

from  incinerator 

4 . 

BTU/hr . 

heat  pick  up  from  oil  cooler. 

1.1.2  Output 

1. 

KW/hr . 

Electrical  output  to  site  and 
plant. 

2. 

BTU/hr. 

Absorber-site  and  plant 

3. 

BTU/hr . 

Heat  exhanger  ( H X — 1 ) site  and 
plant  Heating  and  Domestic 
Hot  Water 

4. 

BTU/hr. 

Heat  exchanges  HX-3,  HX-4  and 
(HX-2)  Sewage  treatment  and 
emergency . 

5. 

BTU/hr . 

Dry  cooler-excess  heat 
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6. 

BTU/hr . 

Heat  exchanges  HX-7,  HX-8 
Low  temperature  energy 

7. 

BTU/hr . 

Raw  Water  Dry  Cooler 

8. 

BTU/hr. 

Heat  exhanger  HX-5 

Cooling  lower  winterizer 

Chiller  System: 

Monitoring  points;  Run  status  and  abnormal 
change  of  state  alarm  for  all  pumps,  chillers 
and  cooling  towers,  temperature  indication  for 
all  pertinent  areas,  thermal  and  electrical 
energy  usage  of  all  equipment,  and  thermal 
energy  generated  by  each  chiller. 

Command  points;  ability  to  start  and  stop  all 
equipment  and  adjust  load  levels. 

Calculations;  B.T.U.  output  of  each  chiller 
as  well  as  total  thermal  output  of  the  system. 
Efficiency  of  chiller  in  cost  per  ton. 

Boiler  System: 

Monitoring  points;  run  status  and  change  of 
state  alarms  for  all  pumps,  boilers  and  associ- 
ated equipment,  safety  circuit  of  boiler  panels, 
temperature  indicator  of  all  pertinent  parts, 
electrical  and  fuel  usage  of  all  pertinent  equip- 
ment. 
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Command  points;  ability  to  start  and  stop  each 
piece  of  equipment  manually  or  through  a pro- 
gram. Adjust  load  level  of  each  boiler. 
Calculations;  thermal  energy  output  of  each 
boiler,  and  of  the  total  boiler  system.  Effi- 
ciency of  each  boiler  in  BTU/gallon  of  fuel  and 
automatic  operation  of  most  efficient  boiler. 

Engine  System: 

Monitoring  points;  run  status  and  abnormal 
change  of  state  alarm  for  each  component,  tem- 
perature indicator  and  alarm  for  all  pertinent 
points,  electrical  energy  output  and  usage  of 
all  pertinent  equipment  and  fuel  usage  of  each 
engine . 

Command  points;  start-stop  command  for  all  engines. 
Calculations;  thermal  energy  output  of  each 
engine  as  well  as  the  total  engine  system.  Effi- 
ciency of  each  engine  in  KW  output  per  gallon 
of  fuel.  Thermal  output  of  jacket  muffler  circuits 
oil  cooler  circuits,  after  cooler  circuit. 

High  Temperature  Thermal  Loop; 

Monitoring  points;  run  status  and  abnormal 
change  of  state  alarm  for  each  component,  tem- 
perature indication  and  alarm  for  all  pertinent 
points . 

Command  points;  start-stop  command  for  all  pumps 
and  adjustment  of  hot  water  supply  to  primary 
loop. 

Calculations;  thermal  energy  input  to  primary 
loop. 

Hot  Water  Supply  System: 

Monitoring  points;  run  status  and  abnormal 
change  of  state  alarm  for  all  pumps,  and  tempera- 
ture indication  and  abnormal  alarm  for  all  per- 
tinent points. 

Command  points;  ability  to  start  and  stop  all 
equipment  and  adjust  load  levels  manually  or 
automatically  via  programs. 

Calculations ; thermal  energy  input  from  primary 
loop  and  thermal  energy  output  of  secondary  loop. 

Primary  Loop  Cooling  System  (i.e.,  miscellaneous 
heat  exchanger,  sludge  heat  exchanger,  aeration 
heat  exchanger,  dry  cooler,  and  emergency  heat 
exchanger) : 

Monitoring  points;  run  status  and  abnormal  change 
of  state  alarm  for  all  pumps.  Temperature  indi- 
cation and  abnormal  alarm  for  all  pertinent 
points . 

Command  points;  start-stop  for  all  pumps  and 
fans  and  flow/no  flow  for  all  exchangers. 
Calculations;  thermal  energy  (BTU)  removed  from 
primary  loop  for  ach  component  part. 
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Diesel  Fuel  Supply  System: 

Monitoring  points;  run  status  of  pumps,  and 
high  and/or  low  level  alarms  for  each  storage 
tank . 

1.9  Plant  Air  Handling  Unit: 

Monitoring  points;  run  status  and  alarm  for  all 
fans  and  pumps,  temperature  indication  and 
alarm  for  all  pertinent  points  and  electrical 
energy  usage  of  fans  and  pumps. 

Command  points;  start-stop  command  for  main 
supply  fan. 

Calculations;  thermal  energy  consumed,  both 
heating  and  cooling  to  be  deducted  from  the 
total  utility  system. 

1 .10  Oil  Cooler  System: 

Monitoring  points;  run  status  of  all  pumps  and 
fans,  temperature  indication  and  abnormal 
alarm  of  all  pertinent  points. 

Calculations;  thermal  energy  removed  from 
primary  loop  ( BTU ) . 


2.0.  SUMMARY 

2.1  In  summary,  all  of  the  information  described 
above  will  give  a clear  and  concise  indication 
of  the  operating  performance  of  each  major  plant 
component.  With  information  such  as  thermal 
and  electrical  energy  input  and  output  and 
equipment  efficiency,  a program  can  be  imple- 
mented to  operate  the  total  utility  plant  to  its 
optimum  efficiency.  For  example,  if  the  engines 
are  not  producing  enough  heat  to  maintain  the 
temperature  of  the  primary  loop,  additional  heat 
must  be  generated  from  the  high  temperature  loop 
if  available,  or  from  the  boiler  system.  If  the 
boiler  system  is  used,  operate  the  boiler  which 
is  most  efficient  (BTU/  gallon  fuel). 

2.2  Equal  to  the  importance  of  operating  efficiently 
is  reliability  and  maintenance  of  the  Total 
Utility  complex.  The  monitoring  and  command 
points  selected  will  provide  the  operator  a total 
view  of  the  performance  of  all  of  the  major 
equipment.  If  a malfunction  should  occur,  the 
operator  will  be  able  to  take  immediate  action 

to  correct  the  problem  with  minimum  of  downtime. 
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3.0.  GENERAL  SPECIFICATION 

3.1  The  Central  Control  and  Monitoring  System  (CCMS)  speci- 
fied under  this  section  shall  be  totally  solid-state 
using  computer  oriented  digital  technology  to  insure 
long  life  and  low  maintenance  costs  to  be  consistent 
with  this  project's  life  cycle  costing  concepts.  The 
system  must  be  a standard  with  the  manufacturer  to  insure 
on-going  parts  availability  and  trained  technical  sup- 
port. The  initial  installation  must  include  all  push- 
buttons, indicators,  switches,  pilot  indicators,  digital 
and  analog  value  displays,  phone  line  interface  equip- 
ment and  software,  etc.,  to  make  it  a completely 
operable  system.  The  initial  installation  shall  have 
the  capacity  to  handle  a minimum  of  1000  data  points. 

The  CCMS  must  be  designed  in  a modular  fashion  to  insure 
future  expansion  capability  whether  it  be  additional 
data  gathering  panels  or  central  console  function  capa- 
bility. The  CCMS  is  specified  herein  to  help  insure 
proper  and  efficient  utilization  of  the  mechanical  and 
electrical  systems  and/or  to  insure  a high  level  of  life 
and  property  protection. 

3.2  The  CCMS  shall  be  designed  such  that  no  operator  inter- 
vention is  required  to  restart  the  system  after  a power 
failure  of  up  to  eight  (8)  hours.  During  this  time 
the  system  shall  not  lose  any  portion  of  its  program  or 
data  file. 

4.0.  SYSTEM  DESCRIPTION 

4 . 1 Data  Transmission  System 

All  data  transmitted  between  the  CCMS  (Central  Control 
and  Monitor  System)  central  processing  unit  (CPU)  and 
the  remote  data  gathering  panels  must  be  transmitted  in 
digital  form.  A double  transmission,  echo  transmission, 
or  multiparity  bit  technique  must  be  used  to  insure 
message  integrity.  Transmission  system  failure  must  be 
annunciated  immediately  as  a "no  response"  with  display 
and/or  printout  of  time  and  address  of  the  area  failing 
to  respond.  For  systems  with  a printer,  an  hourly  log 
of  all  remote  groups  not  responding  can  be  provided. 

All  analog  signals  must  be  converted  to  digital  values 
within  250  feet  of  the  sensing  point  to  insure  against 
stray  voltage  pickup  and/or  signal  degradation.  The 
same  reliability  measures  stated  for  digital  signal 
transmission  applies  to  the  converted  analog  signals, 
i.e.,  double  transmission,  echo  transmission  or 
parity  check  must  be  provided. 


5.0-  CCMS  CAPABILITIES 

5 . 1 Operator's  Terminal 

An  Operator's  Terminal  (OPT)  can  be  provided  and  should 
be  considered  the  main  man-machine  interface.  The  OPT 
shall  be  designed  for  ease  of  system  operation  and  under- 
standing. The  terminal  shall  have  point  address  selec- 
tion buttons,  a series  of  function  buttons  and  a locking 
capability  and  a digital  readout  display  as  described 
herein. 

The  Operator's  Terminal  shall  be  designed  for  desk-top 
operation  and  should  require  no  more  desk  space  than  a 
desk-top  calculator. 

The  CCMS  shall  fit  the  space  allotted  per  the  job 
drawings . 

The  OPT  shall  be  supplied  with  long  life  digital  indica- 
tors and  light  emitting  diodes  for  pilot  indication  and 
temperature  valve  indication  to  insure  long  life  and 
minimum  maintenance.  Systems  using  incandescent  lights 
for  pilot  lamp  or  back-lighted  digital  displays  shall 
have  supervised  filaments  with  discrete  alarm  point 
assignment . 

Serial  entry  touch  dial  selection  buttons  shall  be 
supplied  with  the  system  and  shall  be  used  for:  access 

to  remote  control  and  data  points,  adding,  deleting  or 
resetting  of  alarm  limits  in  memory;  resetting  program 
start/stop  times;  and  adding  or  deleting  start/stop 
program  channels. 

Clearly  identified  individual  function  buttons  shall  be 
provided  to  make  the  system  easier  to  operate  and  more 
easily  understood. 

The  system  must  contain  the  following  individual 
control  buttons: 

Start  Intercom  Off 

Stop  Alarm  Summary 

Reset/Auto  Data  Display 

Increase/Open  Graphics-On 

Decrease/Close  Graphics-Off 

Alarm  Acknowledge  Lamp  Test 

Intercom  On  Time  Display 

Systems  that  require  the  operator  to  type  out  an  instruc- 
tion, i.e.,  (ALA  SUM)  on  a typewriter  type  keyboard  as 
a standard  item  shall  include  appropriate  interface  to 
perform  the  above  specified  single-entry  capability. 


The  system  shall  have  the  capability  of  addressing  and 
digitally  displaying  analog  values  and  rheir  engineer- 
ing parameters  such  as  degrees,  R.H.,  PSI,  K W,  etc. 

To  insure  ease  of  system  operation  and  understanding, 
systems  not  displaying  point  identification,  point 
value  and  engineering  unit  simultaneously  are  not 
acceptable.  The  system  shall  have  a minimum  vocabulary 
of  16  units  as  listed  below  and  shall  be  field  program- 
mable . 


Degrees  F 

Degrees  Celcius 

Relative  Humidity 

Pounds  per  square  inch 

Inches 

Wet  Bulb 

Dew  Point 

Hours 


Percent 

Gallons  per  minute 
Tons 

Kilowatts 
Amps 
Volts 
BTU ' S 

Kilowatt  Hours 


The  transmission  of  temperature,  pressure  or  other 
analog  values  from  remote  data  gathering  panels  to  the 
central  processor  shall  be  in  true  digital  form  to  elimi- 
nate transmission  errors.  The  analog  sensing,  transmis- 
sion, and  display  system  must  have  end  to  end  accuracy 
of  + 0. 1°F. 

The  system  shall  display  real  clock  time  in  24-hour 
format.  The  time  shall  be  resettable  by  simple  keyboard 
entry. 

Two  and  three-mode  control  capability  shall  be  provided 
for  remote  control  of  motor  loads  or  change-over  functions, 
such  as  on-off,  occupied-unoccupied,  summer-winter, 
ON-OFF-AUTO,  HTG-CLG,  etc.  Selection  of  a specific 
control  point  shall  cause  the  display  of  the  address  and 
the  current  operating  status. 

The  CPU  shall  automatically  lock  out  alarms  for  a period 
of  time  after  an  automatic  or  manual  start  command  has 
been  issued  to  a remote  piece  of  equipment.  This  time 
delay  shall  eliminate  false  alarming  of  equipment  and 
allow  for  the  transfer  of  differential  pressure  or  flow 
switches . 


The  system  shall  have  the  capability  of  digitally  resetting 
the  control  point  of  remote  controllers  or  dampers  and 
other  operators  from  the  central  console.  It  shall  be 
capable  of  resetting  and  reading  the  control  oosition 
by  a positive  feedback  circuit  from  the  remote  local 
loop  control  circuit.  Positive  feedback  from  the  DGP  of 
he  new  position  after  reset  shall  be  displayed  in  a 
digital  form  in  the  readout  windows. 
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The  CCMS  shall  have  the  capability  to  continuously 
monitor  analog  and  digital  alarm  con A i t ions . Upon 
alarm  condition  the  system  will  im~  -ately  sound  the 
audible  alarm,  show  the  point  identx f ication  number  in 
alarm  and  also  the  engineering  unit  associated  with  the 
specific  alarm.  The  capability  to  indicate  whether  an 
alarm  value  is  high  or  low  shall  also  be  included. 

The  CCMS  shall  have  the  capability  of  setting  individual 
alarm  limits  for  each  analog  input  point  resettable  from 
the  Operator's  Terminal  (OPT).  Anthorized  console 
operators  shall  have  the  capability  of  assigning  or 
changing  alarm  limits  at  any  time  without  interrupting 
system  operations.  It  shall  also  be  possible  to  read 
back  assigned  high  and  low  alarm  limits  at  any  time. 

The  system  shall  also  have  the  capability  to  assign 
analog  lockout  on  a point  by  point  basis.  The  lockout 
of  an  analog  point  shall  be  assignable  to  any  digital 
point  within  the  DGP.  Analog  lockout  is  required  to 
prevent  false  alarm  conditions. 

The  system  shall  contain  a solid-state  audible  alarm 
which  shall  be  initiated  with  every  new  alarm  indication. 
Each  new  contact  or  analog  alarm  shall  resound  the  audible 
alarm  which  shall  be  silenced  by  the  manual  alarm 
acknowledge  button  on  the  central  control  console.  The 
audible  alarm  shall  not  sound  on  the  return  to  normal 
for  mechanical  system  type  alarms  but  must  sound  on  return 
to  normal  of  fire  alarms. 

The  OPT  shall  be  furnished  with  a single  pushbutton 
which  shall  light  all  pilot  indicators  or  light  emitting 
diodes  (LED's)  when  operated. 

The  CCMS  shall  be  supplied  with  at  least  three  locking 
levels  for  operator  access.  With  level  one  disabled 
the  CCMS  shall  receive  and  record  alarms  and  automatically 
program  equipment  but  the  point  selection,  alarm  acknow- 
ledgement, and  all  function  buttons  shall  be  inoperative. 
With  level  one  enabled  all  point  selection  and  function 
buttons  shall  be  operative  to  perform  normal  system 
operation . 

Level  two  shall  enable/disable  the  programming  of  analog 
alarm  limit  and  automatic  time  programs.  By  enabling 
this  level  the  operator  can  assign  new  analog  alarm 
limits  and  reprogram  start/stop  times.  With  this  level 
disabled  the  system  will  automatically  compare  limits 
and  operate  equipment  at  its  programmed  time. 

Level  three  allows  for  the  addition  and  deletion  of 
system  input/output  points  and  control  of  display  and 
printout  assignments. 


5.2 


Firmware  Options 


The  system  shall  have  the  capability  of  initiating 
commands  (start/stop,  secure/access , day/night,  etc.) 
to  system  points  on  a pre-set  time  schedule.  Capacity 
for  up  to  30  seven-day  time  programs  shall  be  provided. 
Separate  start  and  stop  times  for  each  day  of  the  week 
shall  be  provided  with  provision  for  a holiday  schedule 
program.  It  shall  be  possible  to  set  the  holiday 
schedule  seven  days  in  advance  of  the  holiday  and  the 
program  shall  automatically  revert  to  the  regular  time 
schedule  after  the  holiday  program  is  executed.  The 
holiday  schedule  shall  be  capable  of  handling  any  holi- 
dau  period  from  one  to  four  days. 

The  system  shall  have  the  capability  of  automatically 
initiating  commands  upon  an  alarm  occurrence.  Any 
point  may  be  assigned  as  an  event  initiator. 

A change  of  status  at  the  alarm  initiator  shall  cause 
a predefined  series  of  commands,  called  an  event  program, 
to  occur.  A total  of  up  to  100  separate  event  programs 
shall  be  provided  with  the  capability  of  handling  up  to 
24  points  per  program. 


It  shall  be  possible  to  assign  limit  values  to  analog 
inputs  on  a per  point  basis.  Both  high  and  low  limit 
values  per  point  shall  be  possible.  In  addition  it 
shall  be  possible  to  automatically  lock  out  analogs  on 
a per  point  basis  when  the  associated  primary  equipment 
is  shut  down. 

6.0.  PERIPHERAL  OPTIONS 

6 . 1 Printer  Module 

A printer  shall  be  supplied  with  the  CC MS  to  provide  a 
hard  copy  printout  of  alarm  records  and  logging  functions. 
Change  of  state  information  including  new  alarms,  restora- 


tioii  of  alarms  and  alarm  acknowledgments  shall  be  printed 
along  with  demand  logs  such  as  all  points,  status  sum- 
mary, and  alarm  summary.  It  shall  also  be  possible 
to  demand  a printout  of  the  contents  of  the  CPU  memory. 
All  alarms  shall  be  printed  in  red,  all  other  conditions 
shall  be  printed  in  black. 

6.2 

Intercom  Module 

An  intercom  capability  shall  be  provided  for  audio 
communication  between  the  CCMS  location  and  the  remote 
points,  and  audio  monitoring  of  the  operating  condition 
of  remotely  located  equipment.  Speaker  assemblies  shall 
be  provided  as  specified  as  an  integral  part  of  the 
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CHAFTEP  VII 


SPECIFICATIONS  FOR  OTHER  EQUIPMFNT 

- MIL  B-18897D  Boilers,  heating,  low  pressure, 

MIL  T-462C  Tanks,  liquid  storage,  metal,  fuel-oil 
horizontal . 

MIL  T-12295C  Tanks,  hot  water  storage. 


MIL  P-16077A  (DOCKS)  Pumps,  centrifugal  water 
circulating,  electric  motor  driven. 

5.0  Cooling  Towers  - MIL  C-16278D  (DOCKS)  Cooling  towers,  liquid. 

6.0  Expansion  Tank  - MIL-T-18560A  Tanks,  expansion,  hot  water 

heating  system. 

7.0  Electric  Chiller  - MIL  C-21976A  (YD)  Chiller  unit,  liquid, 

packaged,  centrifugal,  electic-motor  driven, 
50  tons  and  above. 

8.0  Dry  Cooler  - MIL-C-22015  (DOCKS)  Coolers,  fluid,  dry  type, 

(packaged  unit) . 


1 . 0 Boilers 

2 . 0 Tanks  - 

3. 0 Tanks  - 

4 . 0 Pumps  - 
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COST  ESTIMATE 
TOTAL  UTILITY  SYSTEM 
FORT  BELVOIR,  VA. 

EQUIPMENT 


TAG 

DESCRIPTION 

QUN 

MATERIAL 

LABOR 

TOTAL 

EG-1-4 

Cat.  D398  Engines 

4 

300000 

16000 

316000 

HRM-1-4 

Heat  Recovery  Mufflers 

4 

16000 

8000 

24000 

M- 1-4 

Exhaust  Silencers 

4 

1964 

4000 

5964 

PHWP-1-3 

Primary  HW  Pumps 

3 

6600 

2400 

9000 

B-l-3 

Boilers  150  HP 

3 

- 

- 

S4000 

BHWP-1-3 

Boiler  HW  Pump 

3 

1800 

900 

2700 

HX-1 

Heat  Exchanger 

1 

5000 

2000 

7000 

SHWP-1-3 

Secondary  HW  Pumps 

3 

6600 

2400 

9000 

HWP-1 

Plant  Heating  Pumps 

1 

480 

300 

780 

HX-4 

Sludge  Heat  Exchanger 

1 

2450 

1200 

3650 

HX-3 

Rotation  Disc  HX 

1 

2450 

1200 

3650 

HX-2 

Emergency  HX 

1 

5500 

2000 

7500 

DCJW-1 

Jacket  Dry  Cooler 

1 

17000 

3000 

20000 

25000  GAL. 

Thermal  Storage  Tank 

1 

- 

- 

6000 

TSHWP-1-2 

Thermal  HW  Pumps 

2 

1200 

1000 

2200 

S-l 

Air  Handling  Unit  w/  coils 

1 

- 

- 

14000 

Engine  Controls 

5 

60000 

- 

60000 

ET-1  & 2 

Expansion  Tanks 

2 

2500 

1800 

4300 

Boiler  Flues 

3 

- 

- 

1800 

Setting  of  Engines 

4 

- 

8000 

8000 

Piping,  Va . & fittings 

- 

- 

78500 

Ductwork 

- 

- 

20000 

Exhaust  fans 

7 

13000 

4200 

17200 

Temp.  Control  System 

- 

- 

30000 

AS  - 1 & 2 

Air  separators 

2 

- 

- 

3000 

GEF  - 1 

Glycol  fill  tanks  30  gal. 

2 

- 

- 

700 

Insulation 

25000 

$ 763944 
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COST  ESTIMATE 
TOTAL  UTILITY  SYSTEM 
FORT  BELVOIR,  VA. 


EQUIPMENT 


TAG 

DESCRIPTION 

QUN 

MATERIAL 

LABOR 

TOTAL 

DCRW  - 

1 

Dry  Cooler 

1 

7600 

1600 

9200 

HX  - 

6 

Emergency  Heat  Exchanger 

1 

3450 

1000 

4 4 5C 

ET  - 

4 

Expansion  tank  300  gal. 

1 

- 

- 

1200 

GEF  - 

1 

Glycol  fill  tank  30  gal. 

1 

- 

- 

350 

HWP-3- 

•5 

Hot  water  pumps 

3 

- 

- 

7600 

HX  - 

7 

Heat  Exchanger 

1 

2600 

1000 

3600 

HX  - 

8 

Heat  Exchanger 
Va.,  Pipe  & fittings 

1 

2600 

1000 

3600 

21860 

AS  - 

3 

Air  separator 
Insulation 

1 

900 

400 

1300 

6000 

59,160 


CH  - 1 

Absorber  622  tons 

1 

- 

- 

91300 

CH  - 3 

Cent.  Chiller  118  tons 

1 

- 

- 

30800 

AHWP-1  & 2 

Hot  water  pumps 

2 

- 

- 

4800 

CTP-1  & 3 

Condenser  pumps 

3 

- 

- 

10000 

CTP  - 2 

Condenser  pumps 

1 

- 

- 

2400 

CT  - 1 

Cooling  tower 

1 

24  320 

4000 

28320 

CTFP-1 

Pump 

1 

- 

- 

1700 

ACWP-1 

Pump 

1 

- 

- 

1700 

HX  - 5 

Heat  Exchanger 

1 

3000 

1000 

4000 

Chemical  feed 

1 

2500 

$ 177,520 
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COST  ESTIMATE 
TOTAL  UTILITY  SYSTEM 
FORT  BELVOIR,  VA . 


EQUIPMENT 

TAG  DESCRIPTION  QUN  MATERIAL  LABOR  TOTAL 


CHWP-1&2 

Chilled  water  pumps 

2 

- 

- 

12000 

PCHWP  -1 

Chilled  water  pump 

1 

2400 

PCHWP  -2 

Chilled  water  pump 

1 

1800 

AS  -4 

Air  separator 

1 

1700 

ET  -3 

Expansion  tank 

1 

3000 

Pipe,  va.  & fittings 

40000 

Insulation 

8000 

68900 

DOSDT-1&2 

Diesel  Str.  day  tank  1000 

gal 

.2 

3000 

1200 

4200 

DOCT-1 

Diesel  charging  tk.  1000 

gal . 

1 

1500 

600 

2100 

DOST- 1 &2 

Diesel  Storage  25,000  gal 

. 

2 

- 

- 

21000 

DOP-1&2 

Oil  pumps 

2 

- 

- 

1800 

DOP-3&4 

Oil  piping,  Va.  & fittings 

15000 

LOSWT-1 

Lub.  oil  waste  tk  4000 

gal . 

1 

3000 

LOST-1 

Lub.  oil  storage  tk.  4000 

gal 

.1 

- 

- 

3000 

LOSDT-1 

Lub.  oil  day  stor.  tk. 
1000  gal. 

1 

1500 

600 

2100 

LOP-1&2 

Lub.  oil  pumps 
Lub.  oil  piping,  Va. 

2 

~ 

— 

1800 

& fittings 

- 

- 

9000 

Tank  excavations  & fill 

— 

5600 

$ 

68600 

15G 
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COST  ESTIMATE 
TOTAL  UTILITY  SYSTEM 
FORT  BELVOIR,  VA . 


EQUIPMENT 

TAG  DESCRIPTION 

ACE  - 1 & 2 Air  compressors  with  tanks 
Ref.  air  drier 
Pipe,  Va.  & fittings 


Monitoring  & data  acq. 
system 

Elect,  power  wiring 
Elect,  lighting  2°°/  pV 
Elect,  motor  wiring 
Building  11,4  00  p6  152°/  ft 
Toilet  room  fixtures 
Water  heater 
Floor  drains 
Roof  drains 

Cast  iron  piping  (soil) 
Galvanize  piping 
Fire  extinguishers 
Sewage  treatment 
Incinerator 
*Yard  substation 


QUN  MATERIAL  LABOR  TOTAL 

2 50000 

1 800 

7000 

57800  | 


140000 
212825 
22800 
515  32 
171000 
1000 
138 

1000  ■ 
1200 
25000 
9000 
4000 
200000 
145000 
230000 

$ 1214495 

GRAND  TOTAL  S 2410419 

+ 10%  


* 12  kv  Site  Distribution 
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CHAPTER  IX 


CALCULATIONS 

Page 


1.0.  Manual  Calculations  Index 161-162 

1.1.  Winter,  Summer  & Electrical  Loads  Bldg  1 & 2 . . 163 

1.2.  Winter,  Summer  & Electrical  Loads  Bldg  1 & 2..  164 

1.3.  Winter,  Summer  & Electrical  Loads  Bldg  1 & 2..  165 

1.4.  Winter,  Summer  & Electrical  Loads  Bldg  3 166 

1.5.  Winter,  Summer  & Electrical  Loads  Bldg  3 167 

1.6.  Winter,  Summer  & Electrical  Loads  Bldg  3 168 

1.7.  Winter,  Summer  & Electrical  Loads  Bldg  4 169 

1.8.  Winter,  Summer  & Electrical  Loads  Bldg  4 170 

1.9.  Winter,  Summer  & Electrical  Loads  Bldg  4 171 

1.10.  Winter,  Summer  & Electrical  Loads  Bldg  5 172 

1.11.  Winter,  Summer  & Electrical  Loads  Bldg  5 173 

1.12.  Winter,  Summer  & Electrical  Loads  Bldg  5 174 

1.13.  Winter,  Summer  & Electrical  Loads  Bldg  6 175 

1.14.  Winter,  Summer  & Electrical  Loads  Bldg  6 176 

1.15.  Winter,  Summer  & Electrical  Loads  Bldg  7 177 

1.16.  Winter,  Summer  & Electrical  Loads  Bldg  8 178 

1.17.  Winter,  Summer  & Electrical  Loads  Bldg  9 179 

1.18.  Winter,  Summer  & Electrical  Loads  Bldg  9 180 

1.19.  Winter,  Summer  & Electrical  Loads  Bldg  10 181 

1.20.  Winter,  Summer  & Electrical  Loads  Bldg  10 182 

1.21.  Winter,  Summer  & Electrical  Loads  Bldg  11 183 

1.22.  Winter,  Summer  & Electrical  Loads  Bldg  11 184 

1.23.  Winter,  Summer  & Electrical  Loads  Bldg  12 185 

1.24.  Winter,  Summer  & Electrical  Loads  Bldg  13 186 

1.25.  Winter,  Summer  & Electrical  Loads  Bldg  14 187 

1.26.  Winter,  Summer  & Electrical  Loads  Bldg  15 188 

1.27.  Winter,  Summer  & Electrical  Loads  Bldg  16 189 

1.28.  Building  Load  Summarys 190 

1.29.  Domestic  Water  Demands 191 

1.30.  Incinerator  Capacity  Data 193 

1.31.  Total  Estimated  Maximum  Demand 197 

1.32.  Hot  Water  And  Chilled  Water  Distribution 200 
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0.  Computer  Calculations 204 

2.1.  Computer  Loading  and  Summary  Take  Off  Data....  205 

0.  Profiles  and  Tables-  Index 206 

3.1.  Electrical  1-22  , 1-23 207 

3.2.  Electrical  1-24 208 

3.3.  Electrical  8-19,  8-20 209 

3.4.  Electrical  8-21 210 

3.5.  Heating  1-22 211 

3.6.  Heating  1-23 212 

3.7.  Heating  1-24 213 

3.8.  Cooling  8-19 214 

3.9.  Cooling  8-20 215 

3.10.  Cooling  8-21 216 

3.11.  Domestic  Hot  Water  Hydronic  1-22  , 1-23 217 

3.12.  Domestic  Hot  Water  Hydronic  1-24 218 

3.13.  Domestic  Hot  Water  Hydronic  8-19,  8-20 219 

3.14.  Domestic  Hot  Water  Hydronic  8-21 220 

3.15.  Domestic  Hot  Water  Electric  1-22  , 1-23 221 

3.16.  Domestic  Hot  Water  Electric  1-24  222 
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162 


LOAD 


r— 

— 

- 

=r 

4 

*1 

: = - -"rrs^  ; 

li \ £ 1 i y i.y..*  v * — i 

i 

— 

— -| 

— 

rr= 

. -I  : 



S SPMirtJ  ,V£? 

#iv<3  vino?*?:  vj ?/nv*i?3w 


> *-tP  ?.9Ma  19/X3  AO 
viva  j7naa*os  ivd/ aa/h’DSw 


•« 

I : * 

^ ' >u\  t * \ - 

i *US}5*i*  V.5V.: 

f ■ - ■ 

N*  4 ‘ \>  Vj  x . x 

i *.  -V*v  * 

^ ^ ^ -*:  * 

A 

l:  .■*■  •;•- 

l - 

------  " '• 

i • - 

4 

pS*5 

S UASMC  R LOAD 


SUMMER  LOAD 


SUMMER  LOAD 


avoi  dJwwns 


SUMMER  LOAD 


• • 

‘ £ •*»  — 
fiN  [> 

■ * 

< r-  ‘ ; 

Id 

4 $4-  • 

4 

l 



4 

-. 

» , 

a 

•s 

AD-A038  722 


GAMZE-KOROBKIN-CALOGER  INC  CHICAGO  ILL  F/G  13/13 

PRELIMINARY  DESIGN  OF  A TOTAL  UTILITY  PILOT  DEMONSTRATION  PROJE— ETCtU) 
SEP  76  L KOROBKIN  DACA73-75-C-0002 

USAFESA-RT-2030  NL 


UNCLASSIFIED 


JO 

S 

5 $ * 5 

3 

* 

■3 

$ 

$it 

ft  „ a 

W 

& 

5 

2 

5 

$ 

$ 

ft 

ft^* 

/ 


Gamzh-Koroben-Calookr 

CONSULTING  ENGINEERS 
SOI  WIIT  W ACKER  DRIVE 
CHICAOO.  IU.INOIE  EOOOE 


Job  No. 


443o 


h 

ou.  *t  

Mm  s fo/trr  Seiva/A  j ifa Structure 

boMtSriC.  LuATZi-L. PEto&t ^OS ^ 

on  /170  Ash  me  ($u>pe.  faD  pa7a  £&&& 
TAdLZ.  //  tbr  &j/t7eA-  PBM/h^DS  - Av€AA<f£  QAf 


3u/LO/N6, 5 HO,  / TAA-v  4-  /ty&zSK-) 

Baa  3AKA.&u^s, 

Al/EA/fre.  PAY  Co^SumPT/o^J  - /4o  7 /3Jj4C/p 

• , /A 34,0  ^K^VS. 


/4mu?/*4Gf  rto,  5~ 

EM  , . 

DAY  c-^MSuMPTiokJ  sr-  Y\Z  Vt01\,1>  X 13. 1 3aJ  JP&iV*>A 

* 2£lL>  ,0  6t>H,Lom.S  pgg  iM^- 


^UltPIM^  MO.  fp 

£M  ^Al^l^A-c KvS 

PAY  Cokj  SUM  PT|T>m 


Y2  V 13.1  q *-  / 

o 6AiU?k1S  fere  PAY 


S3UlUP>f>si^  Mg?.*! 

^fZouP  , , . 

PAY  ^omSUmP' ■»  U?  Pfcefue.  X U.u^clI 

^ \~io.o  6,A<-uoms  P£f  PA^ 

fel/lLPMsJ^  Mo.  ^ _ 

A\l&KA6t  PAY  coH9UMPTIok\  - 5o  l *Go?lB  M£M-  X 3 

9 \^o  X z.4  <qM-  P^-P-  &4£A<- 
- 3feo.o  . Pgfe-  PAY- 


frUILPlM6|  NO.  ^ *4P  <<P 

3 CO.  ADMikJ  • OpF*C£  STOfS.*^  . I 

Avi^A^e  CAY  <^Or4S^MpTiOM  ~ Y5  X l .OqM- /P/J#f 

-=■  4S  6/H-S . PAY . ' 1 


191 


Cm*.  If.P&fZ'-Mi- 

c tu  h dm* 


OAXZK'KOROBKIN -C  aixkjkr 

CONSULTING  (NOINKM 
161  WIST  WACKW  PftIVK 
CHICAOO.  ILLINOIS  SOSOS 


uJL M 




ujki&h. Z£te&i*B!SLz. £ 


i|i  urpiKi^  HO.  JI- 

4^.  A-OMtM  i OPf -V  ^ / . 

PVW  <^N5vMpT»c>#4  ■=■  ^ I* C?^AW  P /RAY 

1 ^ £«o  A-AL£,  P£«.  qaY.  1 


ftmtpia^  mo.  _ 

bATfAUoJj  H'eAPQvjMT^P-S  +"  - / 

f^e^t^e  v#\  consumption  ~ ^ *p^pAy  ^ 


frulU7lM< 


<ssxs^x®^  * i£«KM«r 


^UIUP  tM& blfr  14— 

ft**?  *?*K\i\c&  rMuny 

v^i 


^ ICO  pfc*  M^k.  P^L  PAT 
^ ZJoc?  Mfck5  ^2/4- 
3 <=;n4o,o4Ai/7  Pflg.  PAT  . 


^UlU(7I^Ujt  MO.  ib  ■_, 

Unit 

A\ie&A^£  PA^  COM^c/MPTI0^ 
guiU?  IM.6j  N*?I  IU  ■ 

<SiYmn 

Wf  ^O^MPTtOM 


»lp  PeoPL^  V l»0<*/K-/P. 
\U  £./k_<s.  174Y- 


- "70^  P/PAY  *Z>0  &AWPm 


192 


Wfi.  / - I—  GAMZ*-KOFOBiaN.CAIX>GKH 

Coop.  ty  t/pT  Pate  'CJ  y/.  /“f  CONSULTING  INOINKM 

BOS  WEST  WACKEB  DRIVE 
^ — CNICAOO.  ILLINOIS  SOSOS 

Structure 

^ iKicitsi  &*.Aro  g>  £ A PACt  TV J5ATA..... 

£LA55lFlCATlO«a  faj|UPI>4^  Tff£ 

REStP&MflM^  ftUO.pl  a6»  5 HO, 
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6 To  louiy;  *u.  pr. 


SM — i at  __ 

job  N». 


gUArmTlft^  of- 
fEopucep 

Pjcom  pen  pay 
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MIUS-FORT  BELVOIR, VA.  -PROJECT  #4430 
TOTAL  ESTIMATED  MAXIMUM  DEMAND  LOADS 
BUILDING  NO.  1 and  No.  2 (EACH) 


Domestic  hot  water  load 
Heating  Load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 

BUILDING  NO. 3 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 

BUILDING  NO.  4 


Domestic  hojt  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 

Incinerator  waste  load 

BUILDING  NO.  5 

Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 

Incinerator  waste  load 

BUILDING  NO.  6 

Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 

Incinerator  waste  load 

BUILDING  NO.  7 -GROUP  DISPENSARY 


1,834  GAL/DAY 
988,330  BTU/HR 
941,118  BTU/HR 
33.5  KW 
272  LBS/DAY 


1,834  GAL/DAY 
990,080  BTU/HR 
944,143  BTU/HR 
33.5  KW 
272  LBS/DAY 


1,834  GAL/DAY 
989,960  BTU/HR 
949,487  BTU/HR 
33.5  KW 
272  LBS/DAY 


2,516  GAL/DAY 
1,324,615  BTU/HR 
1,274,677  BTU/HR 
45.8  KW 
352  LBS/DAY 


1,206  GAL/DAY 
659,445  BTU/HR 
610,092  BTU/HR 
23.0  KW 
176  LBS/DAY 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 


120  GAL/DAY 
119,780  BTU/HR 
139,745  BTU/HR 
37.75  KW 

32  LBS/DAY 


I 
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MIUS-FORT  BELVOIR,  VA.  -PROJECT  #4430 

TOTAL  ESTIMATED  MAXIMUM  DEMAND  LOADS  - PAGE  2 

BUILDING  NO.  8-  BRANCH  EXCHANGE 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 


360 

286,191 

302,769 

38.375 

400 


GAL/DAY 

BTU/HR 

BTU/HR 

KW 

LBS/DAY 


BUILDING  NO. 9-  3 CO.  ADMIN.  & STORAGE 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 


360 
376,881 
196,995 
30 . 25 
140 


GAL/ DAY 
BTU/HR 
BTU/HR 
KW 

LBS/DAY 


BUILDING  NO.  10-  3 CO.  ADMIN.  & STORAGE 


Domestic  hot  water  load  360  GAL/DAY 

Heating  load  376,881  BTU/HR 

Cooling  load  248,204  BTU/HR 

Electrical  load  max.  30.25  KW 

Incinerator  waste  load  140  LBS/DAY 

BUILDING  NO.  11-  4 CO.  ADMIN  & STORAGE 

Domestic  hot  water  load  460  GAL/DAY 

Heating  load  490,445  BTU/HR 

Cooling  load  259,020  BTU/HR 

Electrical  load  max.  39.50  KW 

Incinerator  waste  load  185  LBS/DAY 


BUILDING  NO,  12-  TWO  BATTALION  HDQTRS . 

AND  CLASSROOM 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electric  load  max. 
Incinerator  waste  load 


96.0 

427,270 

474,924 

42.6 

120.0 


GAL/DAY 

BTU/HR 

BTU/HR 

KW 

LBS/DAY 


BUILDING  NO.  13-HDQTRS . BLDG. 

REGIMENTAL/BRIGADE 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 


45.0 
220,450 
214,365 

26.0 

100.0 


GAL/DAY 

BTU/HR 

BTU/HR 

KW 

LBS /DAY 
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MIUS-FORT  BELVOIR,  VA. -PROJECT  #4430 

TOTAL  ESTIMATED  MAXIMUM  DEMAND  LOADS  -PAGE  3 


I 


BUILDING  NO.  14-FOOD  SERVICE  FACILITY 

Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 

Incinerator  waste  load 

BUILDING  NO.  15-UNIT  CHAPEL 


Domestic  hot  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 

BUILDING  NO.  16-GYMNASIUM 


5000.0 

GAL/DAY 

2,556,070 

BTU/HR 

1,597,803 

BTU/HR 

139.0 

BTU/HR 

5400 

LBS/DAY 

16.0 

GAL/DAY 

395,710 

BTU/HR 

474,307 

BTU/HR 

18.2 

KW 

40 

LBS/DAY 

Domestic  not  water  load 
Heating  load 
Cooling  load 
Electrical  load  max. 
Incinerator  waste  load 


1400.0  GAL/ DAY 
2,078,385  BTU/HR 
0 BTU/HR 
91.61  KW 
200  LBS/DAY 


! 


t 
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AMERICAN  HYDROTHERM  CORPORATION 

NEW  TOOK,  N.  Y. 

By  L.M  OATe  SUMZCT__fTl-..&&kyQ!R----MJM$--.  SHEET  NO. OF. 

c Hit o £jm.P„..£M.<ZlJ’JLGATJSfM*  job  no 


Hot  katzk  { ch/llco  watbr,  D/st ri&uTio*)  pumps 


A - STteL  P/Pt  PlSTRiBUriOS/  3 Y STEM 

floT  water  Pumps:  (4-)  3* 5 <5  pm  S>  i&s  ft.hd. 

W EiNMAH  Soo  StIZItS 
3 KB,  3Soo  APM,  JO  HP 

chilled  wat£i s.  Pumps  : 

(1)  / 870  GrP"  S )/62  Fr.  HD. 
WEltJKIAtJ  /ZOO  St/Z/tS 
e>Ll ) nSo  P.PP1,  /oo  HP 


5 - ALT  EntvATt  - bo  HDSTKAHD  PLASTIC  PlPfr 

HOT  WATER  Pun  PS:  C+)  3/5  GTM  a>  -'3  7 Ft.  Hd. 

Soo  struts 

3<H&i  ns 0 R.PM , 20  HP 
CHILLED  WATCH  POMPS  : . . 

( 1)1870  CPU  S)  194- Fr,  Hd. 
WEitJMAH  / zoo  struts 
8 u,  nso  rzpMj  !2S  HP 


200  • 
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Computer  Calculations 

2.1.  Computer  Loading  and  Summary  Take  Off  Data.... 


205 


Page 

Profiles  and  Tables  - Index 206 


3.1.  Electrical  1-22,  1-23 207 

3.2.  Electrical  1-24. 208 

3.3.  Electrical  8-19  , 8-20  209 

3.4.  Electrical  8-21 210 

3.5.  Heating  1-22 211 

3.6.  Heating  1-23 212 

3.7.  Heating  1-24 213 

3.8.  Cooling  8-19 214 

3.9.  Cooling  8-20 215 

3.10  Cooling  8-21 216 

3.11  Domestic  Hot  Water  Hydronic  1-22,  1-23 217 

3.12  Domestic  Hot  Water  Hydronic  1-24 218 

3.13  Domestic  Hot  Water  Hydronic  8-19,  8-20 219 

3.14  Domestic  Hot  Water  Hydronic  8-21 220 

3.15  Domestic  Hot  Water  Electric  1-22  , 1-23 221 

3.16  Domestic  Hot  Water  Electric  1-24 222 

3.17  Domestic  Hot  Water  Electric  8-19,  8-20 223 

3.18  Domestic  Hot  Water  Electric  8-21 224 

3.19  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  - Curves  225 

3.20  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  Calculations 226 

3.21  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  Calculations 227 

3.22  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  Calculations 228 

3.23  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  Calculations 229 

3.24  Energy  Requirements,  Recoverable  Heat 

and  Fuel  Savings  Calculations  230 

3.25  plant  Equipment  Selection  and  Thermal  Balance...  231 
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Comp.  ^AjyLW-. 15,76  CONSULTING  ENGI 

20S  WIST  WACK**  Of* 

CUd.  By 0«f* .. 

1 ~ " CHICAGO.  ILLINOIS  «0« 

tw.j^4  Ml  US  FT  BELV01R.  VIRGINIA 
^ ELECTRICAL  PROFILE  COM_POSITE 
JAN UARY 22  ’«i23~ 


GaM2s:-Korobkin-Caix>ger 

CONSULTING  ENGINEERS  Slwwrt of 

10>  WIST  WICKER  OEEIVI  ....  4 4 30 

Job  No 

CHICAGO.  ILLINOIS  6060* 

!. VIRGINIA  T US  BUILDING  AND 

E COMPOSITE  BUILDINGS  NO  I THRU  I 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL 

KW  LOAD  - 

BUILDINGS 

NO  1 

THRU 

IS 

TOTAL 

KW  LOAD 

BUILDINGS 

NO  1 

THRU 

16 

TUS  PLANT  AND 

SEWAGE  TREATMENT 

IS  20  22  24 


TIME  OF  DAY 


\<P  1 


inn  W*3T  W+CK**  nxivz 
CHICAGO.  lU-iNOia  0CMIO6 


M l US  FT  BELVOIR  , VIRGINIA 


BUILDINGS  NO  I THRU  16 


ELECTRICAL  profile  composite 


JANUARY  24 


PEAK  CONDITIONS  FROM  WEATHER  TAPE 15454  DATA 


KW  LOAD  - BUILDINGS  NO  I THRU  15 


TOTAL  KW  LOAD  BUILDINGS  NO  I THRU  16 
TUS  PLANT  AND  SEWAGE  TREATMENT 


’Hft**'*#* 


F 


Z3 


t 

t , 

* 


Comp.  By- AM_  D«**  Z*  1.5 '76 

CSii  By Dsis - 


GAM2JB-KOROBB3N-CaXOG£H 
CONSULTING  ENGINEERS 

208  WIIT  W AC KIR  DRIVE 
CHICAGO.  ILLINOIS  COSOS 


Sect! of 

Job  No 14  30 


MIUS  FT  BELV01R.  VIRGINIA TUS  BUILOING  AND 

^ E LEC T RICAL  PR OFILE  COMPOSITE 8 U ILDINGS  NO  I THRU  16 

AUGUST  19  I 20 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 

TOTAL  KW  LOAD  - BUILDINGS  NO  I THRU  16 

TOTAL  KW  LOAD  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


A 


GAilZB-HOROBeiN -CALOGKH 

CONSULTING  ENGINEERS 


4430 


303  WOT  WU'KIH  DMiVr 


CHICAGO.  ILLINOIS  60405 


TJJ  S BUILDING  AND 
BUILDINGS  NO  I THRU  16 


K,  M I US  FT  BELV01R.  VIRGINIA s* 

ELECTRICAL  PROFILE  COMPOSITE 


AUGUST  21 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  KW  LOAD  - BUILDINGS  NO  i THRU 


TOTAL  KW  LOAD  BUILDINGS  NO  i THRU  16 
TUS  PLANT  AND  SEWAGE  TREATMENT 


CMIOOG.  It-L'MOl*  ftO*C* 


JJJS  BUILDING  AND 

BUILDINGS  NO  I THRU  16 


JANUARY  22 


PEAK  CONDITIONS  F ROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 
TUS  PLANT  AND  SEWAGE  TREATMENT 
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ryAM  0^7-15^70 


GJVM22-KOHOKXLV-CAl.CXiKK 
CONSULTING  ENGINEERS 
*Q«  w*»T  WACXU  D«IV« 

CUlCAOO.  lU-JHQia  »o*o« 


M I U 5 FT  BEL V OIR  ,_VJ RGINI  A, sww.. 
$1  ^ HEATING  PROF  HE  COMPOSITE 


X.U.S ...  B_..U±LD±N_G 
BUILDINGS  NO 


THRU 


JANUARY  23 


p EAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 

TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 

TUS  PLANT  AND  SEWAGE  TREATMENT 


212 


CHICAGO.  IL1INOI* 


BUILDINGS  NO  I THRU  16 


HEATING  PROFILE  COMPOSITE 


JANUARY  24 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 


TOTAL  MBH  LOAD  BUILDINGS  NO  I THRU  16 
TUS  PLANT  AND  SEWAGE  TREATMENT 


1 


Cctrtp.  Dy  - 
C*icL  By — 


M.  D^J.6-76 



GAiiZ3"SOHO  aKEV-  C-AXOGKH 

CONSULTING  ENGINEiNS 

MCa  Wi*7  WACXJW  D»«V* 

CHICAGO,  IULINO.0  00*04 


SX*** ©?  - 

job  bu.  44  3 Q 


milrtMtUS  FT  BELVOIR  3 VIRGI NIA  T US  ..B.U  ILD1NG  AND 

_C  OOL 1 NG  PR 
AUGUST  19 


€1  COOLING  PROFILE  COMPOSITE  BUILDINGS  NO  I THRU  16 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


r 


TOTAL 

MBH 

LOAD  - 

BUILDINGS 

NO  1 

THRU  16 

TOTAL 

MBH 

LOAD  - 

BUILDINGS 

NO  1 

THRU  16  4 

TUS  PLANT 
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Ml  US  FT  BELVOIR  ^VIRGINIA 


COOLING  PROFILE  COMPOSITE 


BUILDINGS  .NO  I THRU  16 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LO  A D - B Ul  LDI NGS  NO  I THRU  16 


TOTAL  MBH  LOAD  - BU  I LDI  NG  S NO  I THRU  16  & 
TUS  PLANT 


MJU  S FT  BELVOIR  .VIRGIN  I A 

COLING  PROFILE  COMPOSITE 


BUILDINGS  NO  I THRU  IS 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454  DATA 


TOTAL  MBH  LOAD  - B UILDINGS  NO  I THRU  16 


TOTAL  MBH  LOAD  - BU I LDING  S NO  I THRU 
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Job  No f^iL30_ 


.MIUS  FT  BELVOIR  « V IRG1N1A 


BLDG  NO  7 THRU  13  & 15  ONLY 


p_  DIRECT  (DOMESTIC  HW  ELECTRlQ  PROCESS  PROFILE  - COMPOSITE 
. AUGUST  19  & 20 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454 


6AMZB>SOKOBSm>CiLOGER 

Cvrp.  ly  AM  rU«.7-20-76  CONSULTING  ENGINEERS  SlOof of 

p,  — W“T  W~“"  D-,M  Jot,  No.  4430 

t^c* MIUS  FT  BELV01R  V 1 R G J NIA, swwBLD,G,_N 0 7 THRU  13  & 15  ONLY- 
rii|  HIRFCT  (DOMESTIC  HW  ELECTRIC)  PROCESS  PROFILE  - COMPOSITE 

AUGUST  21 


PEAK  CONDITIONS  FROM  WEATHER  TAPE  15454 


j 

A 

’ 

/ 

/ 1 

j 

7 

I 

i 

; 1 j 

18  20  22  24 


TIME  OF 


1 


* 


Comp.  By Data 

Ckkd.  By ...Data 


OaMZE>EOROBEZN>CaIXK}£H 

CONSULTING  ENGINEERS  Shaa* of 

IOS  WI»T  W AC  KIR  DRIVE  ..  44  30 

CHICAOO.  ILLINOIS  SOSOS 


Ml  US  FT.  BE  LVOIR,  VIRGINIA  TOTAL SITE 

ENERGY  REQUIREMENT,  RECOVERABLE  HEAT  & FUEL  SAVING'S 


A = ENERGY  REQUIREO 

B = RECOVERABLE  HEAT  WITH  INCINERATION 
C = RECOVERABLE  HEAT  WITHOUT 


INCINERATION 

D = % OF  FUEL  SAVED  WITH  INCINERATION 


MONTHS 


1 
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^ rf  j GAMZa-S0R0BKIN-CAX-00£B 

Comp.  By.-ZP.lC  D CONSULTING  ENGINEERS 

2C8  WUT  WKUI  DWIVI 
“*** CHICAGO.  ILLINOI*  00*04 

r & X/lAj.-.. Structure 

fa  Fu£l»  5 A_v in 5s ._ ^g>ST AnAL^^^ 


CONSULTING  ENGINEERS 

208  WI8T  WACKX8  DMIVK 
CHICAGO.  ILLINOIS  80808 

LLCw .\4i..i.-...Struchip» 


Job  No 5^2 

- ~ToTA<-  \Jj 


MONTH 


CALCULATIONS 


HEATING  HEAT  SAVING 
REQ.  I 0G  RECOV.  loG  %, 


:heating 

COOLING -ELECT.  1999X1X4000 
11  - ABSORPTION 

DOM.  H.W. 

7.9  49  6 

DOM.  H.W.  ELECT.  X 4000 

ELECTRIC  333,668  X 4000 


5655, £> 


i a 38.o 


< 4000  — 29,90 

1 4000  7 — 133.4-60 

TOTAL  <399  3.  £ I37Z.49  * 2.4-0% 

FUEL  SAVING  *1672.0  19-6.% 


HEATING  4&B7.  g, 

.COOLING  - ELECT.  1464X1X4000  — 

I*  - ABSO.jXf’TlOM  — ... 

DOM.  H-W.  Its  9.2? 

DOM.H.W.  ELECT.  4000  — 

TLECTRIC~  300,440X4000  „.  - 

. TOTAL  587Z.S 

FUEL  SAVING, 


26.19. 

I 201-76 


\ 233.8 
* 153.3.0 


* EG.i Oj. 

■21.0  y& 


MARCH.  . HEATING I .TCI  . 

COOLING- ELECT.  &5S6X1X4000 
1| ‘ - ABSORPTIONT  

“dom*hw.  LTizr::.: zi  ..7  :r 

2 6 209 

DOM.  H.W.  ELECT.  X 4000 

ELECTRIC.  334,  63&X  4000  .7.. 

. 77 7 . TOTAL 

FUEL  SAVING 


34.34 


I36Z  — 777 

30.63  7":  ~ 

I32B  .55.  -77L 

5489.0  1403.0  * 31.0% 
*7703.0  25,3 


*•  ADD  300X10&  PER  MONTH  FOR  INCINERATION. 
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MONTH 


CALCULATIONS 


HEATING  HEAT  SAVINS 
REQ.  1 0&  RECOV.  IO&  «/a 


HEATING 

COOLING -ELECT,  .1 2 X 27,753X4000 

- AB5  .83  X 27,793  X 18,000 

DOM.  HAN. 


DOM-  H.W.  ELECT. 
ELECTRIC 


25.898 


y 4000 


334,531  X 4000 

TOTAL 
FUEL  SAVING 


2972. 4 

4-4-0 

1335 


414-7.4 


13- 34 


30.4 -Co 
l'2.9S-l  O 


1341.9- 

*l<£>4l-0 


* 39-5 
32-3 


HEATING 

jCOOLING' ELECT.  .IZX  83,285  X4000 
- ABS.  jggx  6B, 2.85X13,000 
DOM.  H-W. 

DOM.  H.W.  ELECT.  X 4000 

"ELECTRIC"!  332<2>3S  X4000 

TOTAL 
FUEL  SAVING 


42.37 


25-06 
1 330> .70. 


140 1 -43 

* f 701.0 


heating ::  ic.  . ir.:i 

COOLING- ELECT.  .12X118,895  X 4000 
T “1  - ABS.  . B3X  118,895X18.000 
"DQM4AW.  - - - 

DOM.  H.W.  ELECT.  *4000 

.ELECTRIC.: 324,531  X 4500  

L ~~ Id  _ TOTAL 

~~  FUEL  SAVING 


280  . 

- ...  57.06 

1 333.3  . 

1335,0 

— V . j 30.0“ 

1 1^95.17  

3 5 08-3  1 3 85.06  *48.0 

* 1635.0  394S 


* ADD  300XIC/D  PER  MONTH  FOR  INCINERATION- 
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Proj«cJ__trA  ILLS fclCZZj £L.VQ  1 [L-  ^ ,\/ri  ju ..  Structure 

For Fu S-L  . £ A V 1 Co^rT  AMALZf  <?IS 


Sb**t :? of 

Job  No $^T2'- 


MONTH 


CALCULATIONS 


HEATING  HEAT  SAVING, 
REQ.  I0&  RECOV.  lo&  «/c 


“HEATING  11.09 

COOLING 'ELECT.  .12X146, 628X  4000  - 

- AS5  .80X144,628  X IS>, 000  Z32Z.0 

D0M_H.W.  1385.5 

DOM-  H.W.  ELECT.  — 

ELECTRIC  33 5, 60?  X 4000  - 

"777.  TOTAL  B7I8-99 

FUEL  SAVING 


70.3& 


30,0 

1 34-2 .4  17 

1442.78  *■  46-8%, 

Ik  I742.4>  33.78% 


HEATING 

_ COOLING- ELECT.  _ .I2X  130,566X4000 
.7  - ABS.  7.88X130,566*18,000 

DOM.  H-W.  : 

DOM.H-W.  ELECT.  . . 

TECECTRiC  Z333Z668  X4-00Q 

■77777.".  TOTAL 

FUEL  SAVING 


77.3  777-77.  717777 

— • 62.67  ; i. : ' 

3068,0  . — _ •• 

[338,0  — 7“ 

. z ao.o  ~:.z: 

1534.4>  7777... 

3488.8_  .J_4Z_£. 0 * _49-5 
^L7Z6.4>  ___40-9 


HEATING _ Z7Z  7Z  77. 

COOLING-ELECT.  : .IZX  32,106  X4000 
“ 77777=  “ABS.  ~ .83X  92,106  X18,000  ._  . 

D0M-H.W.  - - - - --  7777 

DOM.  H.W.  ELECT.  “ . 

ELECTR1C7Z 344,5317  4000  77777 

L~ 777-777 77. 7 7 L TOTAL 

77777777“  "FUEL  saving 


744  I .777.7— 

— . 774472.1  _ 

145S 
1335. 

- . L.  ;3T07"57 

Z ILSS.g  _ 

3537.D  137 l.ZA  k 47 -3 

4T67Z.Z  ~ 3373 


*-  ADD  BOOXlok  PER  MONTH  FOR  INCINERATION 


! I j'i  ! : I I ; I 
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Rw  Hj4b 

7 CHICAGO.  iLLINOt*  80*04 

Pm>cl_  M|Q^  gflgff.  J$-6L  Vfl  t ft  ^ A/^X-ShucW 

E~  Fu  £L  _5_A V 1 Co<?-r  Am  ALV  5] 5 ... 


CONSULTING  ENGINEERS 
aos  wist  WACKin  Dmvi 

CHICAGO.  ILLINOIS  80804 


.Va,.. 


Stn*c+w« 


SS»»+ ©4 


— ToTtVu  *S'\1 


MONTH 


CALCULATIONS 


HEATING  HEAT  SAVING, 
REQ.  1 0&  RECOV.  I0&  % 


HEAT  INC, 

COOLING -ELECT.  . 1 2. X 33.613  *4000 
- ABS  . ,8SX  33, 6I3X  15,000 

DOM.H.W. 

DOM.  H W.  ELECT. 

ELECTRIC  334,638X4000  "V 

■ :.  ::  1:111111  total 

FUEL  SAVING 


537 

1362 


40ZS,P 


30.0 

1358.0  

r 376 .03  * .41.6*4'. 
* 1676.0  HA-Z'U- 


heatingh::  lz::"  _ 

.COOLING -ELECT.  i4,23,7  X 400 0 

n/iiz  abs.  ...  ... . . 

DOM. HW.  "1111..  7_1__ 

DOM. H W.  ELECT.  . . 

zelectric  4000  1 

.... . _ TOTAL 

_ FUEL  SAVING 


56.9 

11 2.8,7  - 

...  - . _ : 3g;o  ::  

UAL..  . J 2.SQ.CL  _ ~ : 

50.0  0,0  .1376,9  * 33.5%- 

'7“"7~  ^ l5)7(S  2715'/. 


HEATJNG____ ILH7H ZI!7_~ ll. 

’ COOLING  - ELECT.  *7.44  X4000  111.. 

tdoslu.w. ~ . 

DOM.  H.W.  ELECT  ."ITT.  TUT.'  ITT.. 

. ELECT  RIC1  .7334,6304200  711 ~ 

7111  7 T7.ll T7_7_  __717 TOTAL 

--  • - ' FUEL  SAVING 


1107 


.1363 


77Z17  ' 1333..  7 11 T 111 

•mo  13  70 127  *124.5% 


* ADD  300X10®  PER  MONTH  FOR  INCINERATION- 


J I Gajhze-Kohobbin-Cai.ogeh 
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„ . _ , !«•  Kill  WACKU  cmiv* 
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Shsot  . 
Job  No. 


MONTH 

CALCULATIONS 

HEATING, 
REG/.  tO6 

HEAT 

RECOV.  1 of> 

TOTAL 

HEATING, 

30I5E 

AVERAGE 

COOLING, -ELECT  . \ ZX  X 4-000 

319 

-ABS.  ,®SX  ££4,668X16000 

I0  52S 

DOM.H.W. 

15804 

DOM-  H-Yf.  ELECT.  X 4000 

359 

ELECTRIC  393CI79X  4000 

t * 

15744 

AVERAGE 

5G  584.0 

1 6422 

FUEL  SAVING 

* 3<&OC 

SAViNC 

•/„ 


*•  ADD  500  X104*  PER  MONTH  FOR  INCINERATION 


Plant  Equipment  Selection 
and  Thermal  Balance 


Fort  Belvoir,  VA. 
1200  EM  Barracks 


WINTER  OPERATION  - Jan.  23 

1.  Heating  Requirement  - Profile 

2.  Domestic  Water  Requirement 

- Profile 

3.  To-tal  Site  Requirement 

4.  Electric  Generation 

Select  4-600KW  diesel  generators 
3 on-line,  1 in  reserve 

5.  Heat  Recovered  from  engines 
902  x 4000 

6.  Net  Heat  Requirement 

7.  Select  4 boilers  each  5200:'fflH 
3 on-line,  1 in  reserve 


SUMMER  OPERATION  - Aug.  19 

1.  Refrigeration  System  - 

Required  970  x .7  x 12,000 

1-118  ton  electric  centrifugal  uni 


1-620  ton  absorption  refrigeration 

unit 

Thermal  Requirements 
620  tons  x 17,000 
Domestic  Hot  Water 

Total  Site  Requirement 
Electric  Gen.  Heat  Recovery 
1157  x 4000 

Net  Thermal  Requirement  (Boiler) 

Total  Boiler  Capacity 

Total  Refrigeration  Capacity 


Site 

Heat 

Load 

Recovery 

BTU/HR 

BTU/HR 

15,717,000 

- 

3,517,000 

— 

19,224,000 

3,608,000 

15,616,000 

— 

8,148,000 

- 

. 

% 

10.540.000 

3.500.000 

14.040.000 

9.412.000 

4,628,000 

Usable  Load 
Instal led 
BTU/HR  KW 


192 0KW 


20,800,000 

B/HR 


1.416.000 
B/HR 

120KW 

7.440.000 
B/HR 


20,800,000 

8,856,000 
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DRAWINGS 
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SKA-2  First  Floor  and  Roof  Framing  Plan 

SKA- 3 Roof  Plan 

SKA-4  Elevations 

SKA-5  Cross  Sections 

SKA-6  Pavement  & Reinforcing  Plan 

SKA-7  Oil  Storage  Tank  Details 

SKM-1  Site  Plan  and  Symbol  List 

SKM-2  Site  Heating  and  Cooling  Water  Distribution  Plan 
SKM-3  Partial  Mechanical  Equipment  Rooms  for  Buildings 
No.  1 through  16  Interfacing 

SKM-4  Mechanical  Schedules  and  Interfacing  Piping  Diagrams 
SKM-5  Mechanical  Schedules 

SKM-6  Total  Utility  System  Building  Floor  Plans 
SKM-7  Mechanical  Schedules  for  Total  Utility  System 
Building 

SKM-8  Total  Utility  System  Hot  Water  Flow  Diagram 

SKM-9  Diesel  Fuel  Oil  and  Oil  Cooler  Flow  Diagram 

SKM-10  Chilled  Water  and  Condenser  Water  Flow  Diagram 

SKM-11  Supply  Air  and  Exhaust  Air  Flow  Diagram 

SKM-1 2 Lubricating  Oil  and  Compressed  Air  Flow  Diagram 
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TEMPORARY  SERVICE  - FOR  INITIAL  START  UP 


1.1.  General 


1.1.1.  The  Engine  Generators  are  to  be  used  as  the  electric 
power  source  for  plant  test  purposes. 

1.1.2.  Essential  engine-generator  systems  are  to  be  provid- 
ed and  tested  as  outlined  below. 

1.2.  Electric  Services 


1.2.1.  Provide  portable  source  of  electric  power  rated  at 
150  KW,  480  volts,  3 0,  4 wire,  0.8  PF,  60  HZ, 
complete  with  circuit  breaker  protection. 

1.2.2.  Provide  a minimum  of  600  gallons  of  diesel  fuel  oil 
per  week  for  operating  the  portable  power  supply. 


1.2.3.  Check  installation  of  Essential-Normal  motor  control 
center  MCC-lB  in  order  to  permit  the  use  of  primary 
hot  water  pumps,  raw  water  pumps,  air  compressor, 
essential  exhaust  fans  and  air  cooled  condensers. 


1.2. 3.1.  Verify  that  all  wiring  is  free  from  im- 
proper grounds  and  shorted  and  open  cir- 
cuits. Check  continuity  of  all  wiring 
and  check  insulation  resistance  between 
conductors,  and  between  conductors  and 
ground . 


1.2. 3.2.  Check  that  all  connections  are  made  in 
accordance  with  the  approved  plans  and 
specifications.  Verify  that  all  starters, 
fuses,  thermal  overload  devices,  matches 
the  name  plate  rating  of  the  equipment 
and  that  the  voltage  being  supplied 
matches  the  equipment  rating. 


1.2. 3. 3.  Make  temporary  connections  to  exhaust 
fans  engine  muffler  exhaust  and  engine 
room  exhaust  in  motor  control  center 
MCC-1A. 


1.3.  Compressed  Air  Systems 

1.3.1.  Clean  and  check  the  operation  of  the  engine 

compressed  air  system  in  accordance  with  Section 
IIA , of  Initial  Cleaning. 
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Temporary  Service  (Continued) 


1.4.  Water  Service 


1.4.1.  Connect  to  Local  Water  System  and  perform  initial 
cleaning  of  primary  hot  water  loop,  and  raw  water 
loop  in  accordance  with  procedures  outlined  under 
Section  HE,  of  Initial  Cleaning,  Piping  Systems. 

1.4.2.  Check  operation  of  primary  hot  water  and  raw  water 
system  pumps  and  dry  coolers  in  accordance  with 
Section  IV,  of  Motor  and  Pump  Rotation. 

1.4.3.  Connect  Local  Water  Supply  System  to  primary  hot 
water  and  raw  water  systems. 

1.4.4.  Fill  systems  and  perform  rough  balance  of  the 
primary  hot  water  and  raw  water  system  utilizing 
procedures  outlined  under  Section  VIA,  of 
Balancing  Circulating  Water  Systems. 

1.5.  Fuel  Oil  and  Lube  Oil  Service 


1.5.1.  Provide  temporary  fuel  oil  and  lube  oil  service  to 
engine-generators  to  permit  engine  testing.  Provide 
temporary  pumps  and  oil  storage. 

1.5.2.  Provide  500  gallons  of  diesel  fuel  oil  per  day  per 
engine . 

1.6.  Exhaust  System 

1.6.1.  Check  out  operation  of  exhaust  fans  engine  muffler 
exhaust  and  engine  room  exhaust.  Check  electrical 
connections  and  operation  in  accordance  with  the 
procedures  outlined  under  Section  IVB,  of  Motor  and 
Pump  Rotation. 

1.6.2.  Test  and  perform  rough  adjustment  of  the  exhaust 
systems  in  accordance  with  Section  VIB,  paragraph 
4,  of  Balancing  Air  Systems. 

1.7.  Engine  Testing 

1.7.1.  Individually  test  each  engine-generator  and  the  engine 
control  system  in  accordance  with  the  engine  manufac- 
turer and  control  system  manufacturers'  instruction 
manuals.  Refer  to  Section  VII,  Testing-Engine- 
Generators  for  an  outline  of  the  procedures  to  be 
followed . 
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Temporary  Service  (Continued) 


1.8.  Water  and  Electric  Service  - Initial  Plant  Start  Up 

1.8.1.  Make  temporary  electrical  connections  to  engine- 
generator  control  system  bus.  Disconnect  the 
portable  source  of  electric  power. 

1.8.2.  Make  complete  check  of  motor  control  centers  in 
order  to  permit  testing  and  cleaning  of  mechanical 
and  electrical  systems. 

1.8. 2.1.  Carefully  check  all  connections  made 
against  the  approved  plans  verifying  motor 
starter,  size  and  fuse  ratings.  Verify 
that  all  wiring  is  free  from  improper 
grounds  and  shorted  or  open  circuits. 

Check  continually  with  an  ohmmeter  and 
megger  test  all  wiring  to  check  insula- 
tion resistance  between  conductors  and 
conductor  and  ground. 

1.8. 2. 2.  Testing  and  operation  of  electrical 
equipment  fed  from  these  motor  control 
centers  is  to  be  carried  out  during  system 
testing  as  called  for  in  the  following 
sections  of  this  Start-Up  Manual. 

1.8.3.  Connect  Local  water  supply  to  the  condenser  water 
and  chilled  water  systems. 

1.8.4.  Bypass  the  domestic  water  system. 

1.8.5.  Carry  out  the  initial  cleaning  and  start-up  proced- 
ures outlined  in  the  following  sections  of  this 
manual  utilizing  the  engine-generators  as  the 
source  of  electric  power. 


Initial  Cleaning 


INITIAL  CLEANING 

2.1.  Compressed  Air  Systems 

2.1.1.  Clean  waterpiping  using  procedure  outlined  under 
Initial  Cleaning,  Section  HE. 

2.1.2.  Check  all  the  air  compressors  to  verify  that  the 
electrical  wiring  and  protective  devices  match 
the  equipment  electrical  characteristics  and  is 
free  from  grounds,  and  shorted  or  open  circuits. 
Check  that  the  system  components  are  securely 
installed . 


2.1.3.  Check  that  automatic  draintrap  connections  are 
air  tight  and  connected  to  floor  drains. 

2.1.4.  Check  compressor  V belt  drives  for  proper  tension. 
Adjustment  is  made  by  moving  the  motor  along  the 
slide  rails.  For  proper  tension  hand  pressure 
should  cause  the  belt  to  flex  a distance  equal 

to  the  overall  belt  thickness. 

2.1.5.  Check  that  the  alternator  connections  between 
the  two  large  compressors,  are  in  accordance 
with  the  electrical  wiring  diagrams. 

2.1.6.  Verify  that  each  receiver  is  properly  leveled. 

2.1.7.  Compressor  crankcase  must  be  filled  with  oil 
suitable  for  industrial  air  compressor  operation. 
Use  SAE-30  weight  and  fill  to  full  mark  on  oil 
level  gauge.  Oil  level  must  always  be  maintain- 
ed between  the  two  marks  on  gauge.  Check  manu- 
facturers operating  and  maintenance  instructions 
for  compressor  oil  capacity. 

2.1.8.  Check  and  lubricate  electric  motors  in  accordance 
with  motor  manufacturers. 

2.1.9.  Check  Temperature  Control  Air  Dryer  Installation. 

2. 1.9.1.  Check  that  air  passes  through  in  correct 
direction . 

2. 1.9. 2.  Blow  all  free  moistui..  out  of  system. 

2. 1.9. 3.  Check  that  refrigerant  gauge  is  reading 
at  past  45  PSIG. 
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Initial  Cleaning  (Continued) 


2. 1.9. 4.  Check  automatic  expansion  valve  for 
correct  setting  between  23  to  36  PSIG. 
Adjust  valve  if  necessary. 

2. 1.9. 5.  Check  hot  gas  valve.  Valve  is  pre-set 
at  the  factory.  However,  reduced  air 
flow  or  low  ambient  temperature  may 
make  it  necessary  to  adjust  the  oper- 
ating controls  to  prevent  frosting  of 
refrigerant  lines.  Allow  system  to 
operate  for  10  - 15  minutes  to  become 
balanced  before  any  machine  adjustment. 


2. 1.9. 6.  Air  dryer  must  be  started  three  to  four 
minutes  before  the  air  compressor.  Air 
dryers  do  not  cycle  on  and  off  with  the 
compressor . 


2.1.10.  Individually  start  compressors. 


2.1.10.1.  Check  pressure  gauge  readings.  Adjust 
oil  pressure  for  approximately  15  lbs. 

2.1.10.2.  Measure  voltage  and  amperage  to  verify 
proper  system  operation. 

2.1.10.3.  Check  for  proper  cooling  water  flow. 
Throttle  inlet  water  so  that  discharge 
water  temperature  is  maintained  at  130° 
to  1 60 °F  . ' 


2.1.10.4.  Using  compressed  air,  blow  out  tanks  and 
all  air  distribution  system  piping. 

2.1.10.5.  Test  operation  of  alternator  system. 

2.1.10.6.  Check  that  compressor  is  getting  proper 
oil  lubrication.  Lubrication  system 
should  be  run  at  minimum  speed  of  four 
hundred  (400)  RPM. 


2.1.10.7.  Fill  air  tanks. 

2.1.10.8.  Verify  that  system  is  delivering  specified 
rated  air  quantities  and  pressure. 

2.1.11.  Check  other  air  compressor  following  procedures  for 
the  two  layer  units. 
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Initial  Cleaning  (Continued) 


2.1.11.1.  Non-reversible  van  type  oil  pumps  must 
operate  with  counter-clockwise  rotation. 
Verify  type  of  pump  supplied  and  check 
pump  rotation. 

2.2.  Diesel  Fuel  Oil  System 

2.2.1.  Initially  clean  fuel  oil  system  piping  using  pro- 
cedure outlined  under  Initial  Cleaning,  Section  HE. 
Dry  piping  by  blowing  out  with  compressed  air.  Fill 
piping  system  with  fuel  oil  and  flush  to  waste. 

2.2.2.  All  electrically  operated  equipment  should  be  checked 
for  conformity  with  wiring  diagrams  and  name  plate 
data.  Check  that  wiring  is  free  from  improper 
grounds  and  shorted  or  open  circuits. 

2. 2. 2.1.  Float  Alarm  Units 


2. 2. 2. 1.1.  Blow  down  the  float  chamber. 


2. 2. 2. 1.2.  Check  mercury  switch  for  signs 
of  damage. 

2.2.3.  Lubricate  all  motors  and  pumps  prior  to  start-up. 

2.2.4.  Main  storage  tanks. 

2. 2. 4.1.  Allow  fuel  to  stand  for  at  least  twenty 
(20)  hours  to  allow  water  and  sediment 
to  settle  to  the  bottom  of  the  tank. 


2.2.5.  Day  storage  tanks  should  be  checked  for  secure 
mounting . 

2.2.6.  Fill  fuel  oil  system. 

2. 2. 6.1.  Prime  fuel  oil  pumps. 

2. 2. 6. 1.1.  Remove  plugs  from  pump  ports. 

2. 2. 6. 1.2.  Pour  generous  amount  of  No. 
SAE-20  lubricating  oil  into 
suction  port  to  provide  start- 
up lubrication. 

2. 2. 6. 1.3.  Re-install  pump  port  plugs. 

2. 2. 6. 2.  Start  pump. 
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Initial  Cleaning  (Continued) 

2. 2. 6. 2.1.  Check  for  correct  motor  rota- 
tion as  indicated  by  direc- 
tional arrow  on  unit. 

2. 2. 6. 2. 2.  Check  pressure  gauge  and 
measure  voltage  and  amperage 
to  verify  correct  motor  and 
pump  operation. 

2. 2. 6. 3.  Briefly  test  stand-by  pump  in  same  manner  as 
lead  pump. 

2. 2. 6. 4.  Check  operation  of  boiler  diesel  oil  pump 
and  stand-by  pump  in  same  manner  as  above. 

2. 2. 6. 5.  Check  oil  flow  through  the  boiler  fuel  oil 
systems . 

2. 2. 6. 6.  Check  oil  flow  through  to  engine  generators. 

2.2.7.  Simulate  malfunction  problems  to  verify  operation  of 
sonic  probe  system  and  alarm  system.  Check  automatic 
operation  of  stand-by  pumps. 

2.2.8.  Clean  all  fuel  oil  system  strainers  and  replace  filter 
cartridges.  Clean  screens  in  vent  valves. 

2.3.  Lubricating  Oil  System 

2.3.1.  Clean,  test  and  fill  system  and  check  operation  of 

lube  oil  pumps,  using  procedure  outlined  under  Section 
I IB , Diesel  Fuel  Oil  System. 


2.4.  Boilers 


2.4.1.  Inspect  boilers  and  associated  components  for  any 
physical  damage  due  to  shipping  or  installations. 


2.4.2.  Before  initial  firing  of  the  boiler,  a systems  check 
should  be  made  which  shall  include  the  following: 


2.4. 2.1.  Verify  that  there  is  a sufficient  supply  of 
fuel  on  hand.  A minimum  of  6,000  gallons 
per  week  is  required  for  each  boiler. 

2. 4. 2. 2.  Check  all  electrical  connections  to  verify 
that  they  match  electrical  characteristics 
of  the  equipment. 


2.4.2. 3.  Check  for  blown  fuses,  open  circuit  breakers 
and  dropped  out  overload  devices. 


2. 4. 2. 4.  Measure  operating  voltage  and  amperage  as  a 
check  on  correct  electrical  operation  of 
equipment . 
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Initial  Cleaning  (Continued) 


2. 4. 2. 5.  Check  resets  on  forced  draft,  fan  motor 
starter  and  on  the  flame  safeguard  and 
programming  control  lockout  switch.  The 
number  "0"  should  be  showing  in  the  com- 
bustion control  window  of  the  Timer  Motor 
in  the  Flame  Safeguard  and  Programming 
Control  panel. 


2. 4. 2. 6.  Check  high  limit  temperature  control  set- 
ting. For  boiler  boil  out  procedure  this 
should  be  set  at  217  degrees. 

2. 4.2. 7.  Check  operating  limit  temperature  control 
setting.  This  should  be  set  just  above  212 
degrees  for  boiling  out  the  boiler. 


2. 4. 2. 8.  Check  modulating  temperature  control  setting. 


2. 4. 2. 9.  Inspect  the  low  water  cut  off  and  pump 
control . 


2.4.2.10.  Check  belt  tensioning  on  air  compressor. 

2.4.2.11.  One  boiler  should  be  completely  valved  off 
before  boil  out  procedure  is  started. 


2.4.2.12.  Check  boiler  manufacturer's  operation  and 

service  manual  for  any  special  test  require- 
ments applicable  to  this  installation. 


2.4.3.  Boil  boilers  out  in  accordance  with  the  procedure 
outlined  below: 


2.4. 3.1.  Fill  with  clean  water  until  the  top  of 

the  tubes  are  covered.  The  temperature  of 
the  initial  fill  water  must  not  be  less 
than  70  degrees. 


2. 4. 3. 2.  Add  soda  ash  and  caustic  soda  in  dissolved 
form  to  the  water  at  a rate  of  three  (3) 
to  five  (5)  pounds  of  each  chemical  per 
one  thousand  (1,000)  pounds  of  water.  Then 
fill  to  the  top  with  clean  water.  Weight 
of  water  flooded  is  20,630  pounds. 

2. 4. 3. 3.  Remove  relief  valves  and  temporarily  connect 
relief  valve  openings  with  hoses  to  drain. 
All  valves  in  piping  leading  to  or  from 
system  must  be  closed  to  prevent  cleaning 
solution  from  getting  into  system. 
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Initial  Cleaning  (Continued) 


2.4. 3.4.  Fire  boiler  intermittently  at  a low  rate 
sufficient  to  hold  the  solution  just  at 

the  boiling  point.  During  this  slow  firing, 
add  a small  amount  of  fresh  water  periodi- 
cally to  create  an  overflow  that  will  carry 
off  surface  impurities; 

2. 4. 3. 5.  Check  water  samples  to  be  sure  water  is 
clear  of  grease  and  other  impurities. 

2. 4. 3. 6.  Boilers  are  to  be  re-cleaned,  if  necessary, 
until  the  water  in  the  gauge  glass  is  clear, 
boiler  water  line  is  steady,  and  no  foaming 
occurs . 


2. 4. 3. 7.  After  the  unit  is  properly  cooled  drain  and 
flush  completely  with  clean  water  using  a 
high  pressure  water  hose  on  internal  water- 
side surfaces  to  flush  out  any  deposits. 


2. 4. 3. 8.  Re-install  relief  valves. 

2.4. 3.9.  Refill  boiler. 

2.4.3.10.  Set  modulating  temperature  control  just  under 
245  degrees. 

2.5.  Piping  System 

2.5.1.  Inspect  all  systems  for  signs  of  damage  and  faulty 
connections . 


I 

r* 

r 

> 1 


2.5.2.  All  hot  water,  after-cooler  water,  condenser  water, 
chilled  water,  water  make-up,  and  oil  piping  systems 
are  to  be  cleaned  in  order  to  remove  pipe  dope,  oil, 
welding  slag  and  other  extraneous  material  in  accord- 
ance with  the  procedure  outlined  below: 


2. 5.2.1.  Provide  temporary  pump  for  initial  circu- 
lation of  water  system  being  cleaned  to 
protect  system  pumps.  In  the  event  a system 
pump  must  be  used,  provide  two  additional 
sets  of  seals  and  filters. 

2. 5. 2. 2.  check  that  all  strainers,  and  filters  are 
installed. 

2. 5.2. 3.  Fill  system  with  trisodium  phosphate 
solution  at  a rate  of  one(l)  pound  per 
fifty  (50)  gallons  of  water. 
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Initial  Cleaning  (Continued) 


2. 5. 2. 4.  Fill,  vent,  and  circulate  the  system 
allowing  it  to  reach  operating  temperature 
of  200°F  and  circulate  for  a minimum  of 
four  (4)  hours  through  the  system. 

2. 5. 2. 5.  Allow  solution  to  cool  and  then  drain 
system. 

2. 5. 2. 6.  Fill  system  with  clean  cool  water  and  flush 
system  until  waste  water  runs  clear. 


2. 5. 2. 7.  Clean  all  strainers,  dirt  pockets  and  flush 
out  all  drains.  Inspect  and  replace  cart- 
ridge filters  if  necessary.  All  strainers 
and  filters  are  to  be  inspected  and  cleaned 
or  replaced  as  necessary  every  four  (4)  hours 
during  cleaning  period. 


2.6.  Heat  Exchangers 


2.6.1.  Inspect  the  units  for  signs  of  damage  and  faulty 
connection . 

2.6.2.  The  heat  exchangers  are  to  be  cleaned  and  flushed 
along  with  their  associated  piping  systems.  The 
procedure  is  outlined  under  Item  2.5.  , Piping 
Systems . 

2.6.3.  If  desirable,  cleaning  of  heat  exchangers  can  be 
accomplished  separate  from  the  complete  system. 

2.6. 3.1.  Install  standpipes  in  the  head  openings. 

2.6. 3.2.  Fill  completely  with  trisodium  phosphate 
solution  at  a rate  of  one(l)  pound  per 
fifty  (50)  gallons  of  water. 

2.6. 3. 3.  Allow  to  stand  for  four  (4)  hours. 

2.6. 3.4.  Drain  to  waster  and  flush  with  fresh  water. 

2. 6. 3. 5.  Repeat  procedure  until  flushing  water  runs 
clean . 

2.7.  Cooling  Towers 


2.7.1.  Inspect  cooling  towers  for  signs  of  damage  and  in- 
correct installation.  Check  fan  assemblies  and  motors, 
wet  deck  surface,  strainer,  float  assemblies  and 
eliminators . 

2.7.2.  Check  that  strainer  screens  are  correctly  installed. 
Clear,  screens. 
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Initial  Cleaning  (Continued) 


2.7.3.  Check  that  water  distribution  system  is  free  of 
foreign  materials. 

2.7.4.  Check,  clean  and  flush  the  pan  with  clear  water. 

2.7.5.  Check  and  clean  the  spray  nozzles. 

2.7.6.  Check  and  clean  air  inlet  screens. 

2.7.7.  Check  that  bleed  water  line  is  installed. 


2.7.8.  Check  and  clean  the  eliminators.  Check  installation 
to  be  sure  blade  installation  and  air  orientation  are 
in  accordance  with  manufacturers  specifications. 

2.7.9.  Cooling  Tower  start-up  is  covered  under  Scetion  IIIB, 
Initial  System  Fill  (Condenser  Water  System) . 


2.8.  Duct  Systems 


2.8.1.  Inspect  duct  systems  to  insure  secure  mechanical 

support,  that  all  caulking  is  complete  and  all  filters 
are  in  place. 


2. 8. 1.1.  All  filters  are  to  be  cleaned  and  installed 
before  operating  the  system. 


2.8.2.  Check  fan  and  motor  operation  in  accordance  with 
procedures  outlined  in  Section  IVB,  which  covers 
motor  and  fan  start-up. 


2.8.3.  Check  damper  inlet  and  outlet  vanes  for  proper  fit 
and  freedom  of  operation. 


2.8.4.  Measure  and  record  operating  voltage  and  amperage  of 
all  motors. 


2.8.5.  Operate  system  for  about  twenty  four  (24)  hours  to 
blow  construction  dust  out  of  duct  work. 


2. 8. 5.1.  All  dampers  should  be  wide  open. 

2. 8. 5. 2.  Diffuser  inner  assemblies  should  be  temporar- 
ily removed. 

2.8.6.  Install  diffuser  inner  assemblies. 


INITIAL  SYSTEM  FILL 


3.1.  Hot  Water  System 

3.1.1.  Check  system  components  such  as  water  meter,  sample 
cooler,  pumps,  air  release  tanks,  pot  feeders  and 
glycol  tanks  to  see  that  all  are  securely  installed. 

3.1.2.  Check  installation  and  inter-connection  of  alarm 
devices  with  the  temperature  control  panel. 

3.1.3.  Valves  should  be  adjusted  for  normal  operation  as 
indicated  on  the  flow  diagram.  On  initial  fill 
the  pot  feeders  and  glycol  systems  should  be  closed 
off  from  the  system. 

3.1.4.  Close  all  air  vents  except  vent  at  bottom  of  air 
control  vent  and  begin  filling  the  primary  hot  water 
pump  section  with  water.  Leave  the  air  control  vent 
open  until  water  runs  freely  from  it  then  close 
tightly. 

3.1.5.  Vent  high  points  of  the  system. 

3.1.6.  Adjust  pressure  reducing  valve  to  provide  pressure 
to  the  highest  point  of  the  system. 

3.1.7.  Start  primary  hot  water  pumps  one  at  a time. 


3. 1.7.1.  Check  out  motor  and  pumps  utilizing  the 
procedure  outlined  in  Section  IVA,  Motor 
and  Pump  Rotation. 


3. 1.7. 2.  Open  gate  valve  in  suction  line  to  allow 
pump  to  fill  with  water. 

3. 1.7. 3.  Vent  air  from  pump  by  unscrewing  the  top 
body  plug  from  the  shaft.  Turn  the  shaft  a 
few  times  by  hand  to  allow  all  trapped  air 
to  escape.  Replace  the  vent  plug. 


3. 1.7. 4.  Start  the  pump  with  discharge  valve  closed. 


3. 1.7. 5.  Check  for  signs  of  leaks. 


3. 1.7. 6. 

3. 1.7. 7. 

3. 1.7. 8. 

3. 1.7. 9. 


Gradually  open  discharge  valve. 

Adjust  balancing  valve  for  approximate 
design  flow  requirements. 

Record  pressure  gauge,  voltage  and  current 
readings . 

Briefly  check  out  operation  of  primary 
standby  pump.  Check  control  wiring. 
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Initial  System  Fill  (Continued) 


3.1.7.10.  Disconnect  pressure  gauges  from  system. 

3.1.8.  Allow  cold  water  to  circulate  for  a short  period  of 
time  to  permit  dislodgement  of  small  air  bubbles  and 
return  them  to  the  release  tank. 

3.1.9.  Stop  pumps  and  fire  one  boiler.  Stop  firing  when 
the  boiler  temperature  reaches  220°F. 

3.1.10  Wait  at  least  one  minute  and  then  start  pumps. 

3.1.11  Stop  pumps  and  vent  system  high  points. 

3.1.12  Dry  cooler  should  be  started  to  check  out  system 
operation. 

3.1.12.1.  All  motors  and  fans  should  be  checked  in 
accordance  with  procedures  outlined  in 
Section  IVB,  Motor  and  Fan  Rotation. 

3.1.12.2.  Sequence  on  the  dry  cooler  fans  and  check 
temperature  to  verify  this  section  of 
system  is  operating.  Check  voltage  and 
amperage  draw  of  each  fan  motor. 

3.1.13  Check  operation  of  emergency  heat  exchanger. 

3.1.13.1.  Make  preliminary  adjustment  to  plug  valves 

3.1.13.2.  Check  return  and  supply  temperatures. 

3.1.14  Check  operation  of  manual  emergency  valve. 

3.1.15  Check  out  building  heating,  heat  exchangers  and  hot 
water  pump  section. 

3.1.15.1.  Check  the  system  components  for  proper 
installation . 

3.1.15.2.  Valves  should  be  adjusted  for  normal 
operation  as  indicated  on  the  flow  diagram 
On  initial  fill  the  chemical  pot  feeder 
should  be  closed  off  from  the  system. 

3.1.15.3.  Close  all  air  vents  except  vent  at  bottom 
of  air  release  tank  fitting  and  begin  fill 
ing  the  system  with  water.  Leave  the  air 
control  vent  open  until  the  water  runs 
freely  from  it,  then  close  tightly. 
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Initial  System  Fill  (Continued) 


3.1.15.4.  Vent  high  points  of  the  system. 

3.1.15.5.  Check  out  individually,  the  hot  water  pumps 
utilizing  the  procedures  outlined  in 
Section  IVA,  Motor  and  Pump  Rotation. 

3.1.15.6.  The  pumps  are  not  self-priming  and  should  be 
individually  set  up  by  the  following  pro- 
cedure : 

3.1.15.6.1.  Fully  open  the  gate  valve  in 
the  suction  line  and  close  gate 
valve  in  discharge  line. 

3.1.15.6.2.  Fill  pump  casing  with  liquid. 

3.1.15.6.3.  Open  air  vent  to  make  sure  air 
is  forced  from  the  pump. 

3.1.15.6.4.  Rotate  shaft  by  hand  to  free 
entrapped  air  from  impeller 
passageway. 

3.1.15.6.5.  Close  air  vent. 

3.1.15.6.6.  Start  the  pump  motor  and  check 
pump  and  piping  for  pressure 
leaks . 

3.1.15.6.7.  When  pump  is  operating  at  full 
speed,  slowly  open  discharge 
gate  valve  until  complete  system 
flow  is  achieved. 

3.1.15.6.8.  Check  discharge  piping  for  pres- 
sure leaks  and  adjust  balancing 
valve  for  approximately  rated 
flow. 

3.1.15.6.9.  Record  pressure  reading,  voltage 
and  current. 

3.1.16  Fill  hot  water  system  associated  with  the  absorption 

generator  operation. 

3.1.16.1.  Hot  water  pumps  and  standby  pump  should  be 
checked  out  in  accordance  with  the  pro- 
cedures outlined  in  Section  IVA,  Motor  and 
Pump  Rotation  and  primed  in  accordance  K 

with  the  procedure  listed  in  Section  III, 

Initial  System  Fill,  Hot  Water  System, 

A15F.  * 
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Initial  System  Fill  (Continued) 


3.1.17  Test  hot  water  system  piping  under  a pressure  of  125 
PSIG  for  four  (4)  hours.  Repair  all  leaks  and  retest. 

3.1.18  Add  initial  charge  of  chemical  treatment  to  establish 
an  inhibitor  level  of  one  and  one-half  (1-1/2)  times 
the  normal  level  and  allow  to  circulate  in  the 
system. 

3.1.19  Read  and  record  make-up  water  meter  readings.  Meter 
readings  should  be  taken  regularly  to  monitor  system 
for  possible  leaks. 

* 

3.1.20  Disconnect  all  pressure  gauges  from  the  system. 

3.2.  Condenser  Water  System 

3.2.1.  Check  system  chemical  feed  tanks,  pumps  and  control 
valves  for  proper  installation.  Check  that  piping 
to  cooling  towers  is  insulated  and  wrapped  with  the 
specified  electric  heating  cables.  Check  cable 
operation  by  by-passing  the  thermostat. 

3.2.2.  Chemical  feed  system  should  be  closed  off  from 
condenser  water  system. 

3.2.3.  Valves  to  absorption  units  and  cooling  towers  should 
be  closed.  Discharge  valves  for  cooling  tower  pumps 
should  be  closed. 

3.2.4.  Begin  filling  condenser  water  system. 

3.2.5.  Individually  check  operation  of  the  cooling  tower 
pumps,  and  standby  pump  in  accordance  with  the 
procedure  outlined  in  Section  IVA,  Motor  and  Pump 
Rotation . 

3. 2. 5.1.  Open  gate  valve  in  suction  line  to  allow 
pump  to  fill  with  water. 

3. 2. 5. 2.  Vent  air  from  the  pump  by  unscrewing  the 
top  body  plug.  Turn  the  shaft  a few  times 
by  hand  to  allow  all  trapped  air  to  escape. 
Replace  the  vent  plug. 

3. 2. 5. 3.  Start  the  pump  with  the  discharge  valve 
closed . 

3. 2. 5. 4.  Check  for  signs  of  leaks. 

3.2. 5. 5.  Gradually  open  discharge  valve. 

3.2. 5.6.  Adjust  balancing  valve  for  approximately 
the  design  flow  requirements. 


18 


Initial  System  Fill  (Continued) 


3. 2. 5. 7.  Record  pressure  gauge,  voltage  and  current 
readings . 


3. 2. 5. 8.  Repeat  procedure  5a  -5g  to  check  out  cool- 
ing former  pump  and  standby  pump. 

3.2.6.  Check  out  cooling  tower  electrical  systems: 

3. 2. 6.1.  Check  motor  and  fan  shaft  alignment  and  make 

preliminary  fan  belt  adjustment  following 
procedures  outlined  in  Section  IVB,  Motor 
and  Fan  System.  f 

3. 2. 6. 2.  Check  bearing  locking  collars. 


3.2.6. 3.  Motor  and  fans  are  to  be  lubricated  before 
starting  using  waterproof  lithium  base, 
inhibited  greases  which  are  good  for  a 
temperature  range  of  65°F  to  250°F  (Shell 
Oil  - Aerogrease  7A  or  equal) . When 
greasing  fan  shaft  bearings,  purge  bearing 
gradually  until  new  grease  appears  at  grease 
seals. 


3. 2. 6. 4.  Check  voltage  and  amperage  draw  as  a check 
on  normal  operation. 

3. 2. 6. 5.  After  16  hours  of  operation  adjust  fan  belt 
for  proper  tension,  hand  pressure  should 
cause  the  belt  to  flex  a distance  equal  to 
the  overall  belt  thickness. 


3.2.7.  Start  cooling  tower  water  fill. 

3. 2. 7.1.  Check  pan  water  operating  level.  The  float 
make-up  valve  is  factory  pre-set  for  start- 
up. The  normal  operating  level  should  be 

4 to  5 inches  below  the  center  line  of  the 
overflow  pipe.  The  float  valve  should  be 
completely  shut  off  when  the  water  level 
in  the  pan  is  1/2"  below  the  overflow  pipe 
centerline . 

3. 2. 7. 2.  Check  that  water  bleed  system  is  operating. 

3.2.8.  Check  out  cool  water  make  up. 

3. 2. 9.  Test  condenser  water  system  piping  under  a pressure 
of  125  PSIG  for  four  (4)  hours.  Repair  all  leaks  and 
retest. 
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Initial  System  Fill 


(Continued ) 


3.2.10  Add  initial  charge  of  chemical  treatment  to  establish 
an  inhibitor  level  of  one  and  one-half  (1-1/2)  times 
the  normal  level  and  allow  to  circulate  in  the  system. 
Rate  of  charge  to  be  as  recommended  by  water  treat- 
ment equipment  supplier. 

3.2.11  Disconnect  all  pressure  gauges  from  the  system. 

3.3  Chilled  Water  System 


3.3.1.  Check  system  components  for  correct  and  secure 
installation.  Chemical  pot  feeder,  valves  and 
valves  to  absorption  units,  and  chilled  water  pump 
discharge  valves  should  be  closed.  All  other  valves 
should  be  set  for  normal  operation. 

3.3.2.  Close  all  air  vents  except  vent  at  bottom  of  air 
control  unit  and  begin  filling  system. 

3.3.3.  Close  air  control  vent  after  water  runs  freely  from 
it. 


3.3.4.  Vent  high  points  of  system. 


3.3.5.  Adjust  pressure  reducing  valve  to  provide  pressure 
to  the  highest  point  of  the  system. 

3.3.6.  Check  individually  the  operation  of  the  chilled  water 
pumps,  utilizing  the  procedures  outlined  in  Section 
IVA,  Motor  and  pump  rotation. 


3. 3. 6.1.  Close  discharge  valve  and  fill  pump. 

3. 3. 6. 2.  Vent  air  from  the  pump  body  by  unscrewing 
the  top  body  plug.  Turn  the  shaft  by  hand 
a few  times  to  allow  all  trapped  air  to 
escape.  Replace  the  vent  plug. 

3. 3. 6. 3.  Start  the  pump  with  the  discharge  valve 
closed. 

3. 3. 6. 4.  Slowly  open  discharge  valve  and  check  piping 
for  signs  of  leaks. 

3. 3.6. 5.  Briefly  test  standby  pump,  following  pro- 
cedure used  for  the  chilled  water  pump. 

3. 3.6.6.  Record  pump  pressure,  voltage  and  current 
for  both  pumps. 


3.3.7.  Test  chilled  water  system  under  a pressure  of  125  PSIG 
for  four  (4)  hours.  Repair  all  leaks  and  retest. 
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Initial  System  Fill  (Continued) 


3.3.8.  Add  initial  charge  of  chemical  treatment  to  establish 
an  inhibitor  level  of  one  and  one-half  (1-1/2)  times 
the  normal  level  and  allow  to  circulate  in  the  system. 
Rate  of  charge  to  be  as  recommended  by  water  treat- 
ment equipment  supplier. 

3.3.9.  Disconnect  all  pressure  gauges  from  the  system. 


3.4.  Raw  Water  System 


3.4.1.  Check  system  chemical  feed  tanks,  glycol  fill  tank, 
pumps,  air  separator,  and  control  valves  for  proper 
installation. 

3.4.2.  Chemical  pit  feeder  and  glycol  fill  tank  should  be 
closed  off  from  the  system. 

3.4.3.  Adjust  air  release  tank  system  following  procedure 
outlined  in  the  section  on  chilled  water  system, 
IIIC,  2-5. 


3.4.4.  Individually  check  raw  water  pumps  and  standby  pump. 

3. 4. 4.1.  Utilize  the  procedure  outlined  in  Section 
IVA,  Motor  and  Pump  Rotation. 

3. 4. 4. 2.  The  pumps  are  not  self  priming  and  should 
be  started  using  the  procedure  outlined 
in  Section  III,  15f,  Initial  System  Fill. 

3.4.5.  Check  each  pump  individually,  recording  pump 
pressure,  voltage  and  amperage. 

3.4.6.  Check  operation  of  dry  cooler. 


3.4. 6.1.  Prior  to  start  up,  all  fans  should  be 
checked  mechanically  and  electrically 
and  fan  belts  adjusted  in  accordance  with 
the  procedure  outlined  in  Section  IVB, 
Motor  and  Fan  Rotation. 


3. 4. 6. 2.  Check  operating  performance  by  sequencing  on 
the  fans.  Check  temperatures  and  motor 
voltage  and  amperage  as  check  on  system 
operation . 

3.4.7.  Check  operation  of  reheat  oil  system  in  the  TUS  plant. 

3. 4. 7.1.  Fill  system. 

3.4. 7.2.  Check  out  operation  of  reheat  oil  pump. 
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Initial  System  Fill  (Continued) 


3. 4. 7. 2.1.  Utilize  procedure  outlined 
in  Section  IVA,  Motor  and 
Pump  Rotation. 

3. 4. 7. 2. 2.  Since  pump  is  not  self 
priming  use  procedure  out- 
lined in  Section  III,  15F 
(Initial  System  Fill)  to 
start  pump. 

3.4.7. 3.  Make  preliminary  system  adjustments,  record 
pump  pressure,  and  voltage  and  amperage 
draw. 

3.4.8.  Test  raw  water  system  piping  under  a pressure  of  125 
PSIG  for  four  (4)  hours.  Repair  all  leaks  and  retest. 

3.4.9.  Add  initial  charge  of  chemical  treatment  to  establish 
an  inhibitor  level  of  one  and  one-half  (1-1/2)  times 
the  normal  level  and  allow  to  circulate  in  the  system. 
Rate  of  charge  to  be  as  recommended  by  water  treatment 
equipment  supplier. 

3.4.10  Disconnect  all  pressure  gauges  from  the  system. 

3.5.  Absorption  Generator  - Start-Up 

3.5.1.  Associated  System  Requirements. 

3. 5. 1.1.  Chilled  water  system  completely  tested  and 
operational . 

3. 5. 1.2.  Condenser  cooling  water  system  and  cooling 
tower  completely  tested  and  operational. 

3. 5. 1.3.  Hot  water  system  completely  tested  and 
operational . 

3. 5. 1.4.  All  electric  and  pneumatic  controls  installed 
and  tested  in  accordance  with  control 
diagrams . 

3. 5. 1.5.  All  required  gauges  and  thermometers  should 
be  installed. 

3. 5. 1.6.  Sufficient  load  must  be  available  for  test 
purposes . 

3. 5. 1.7.  Clean  all  cooling  water  and  chilled  water 
strainers . 


3. 5. 1.8.  Fill  cooling  and  chilled  water  systems  and 
circulate  water  for  one  or  two  days  to  vent 
air  from  the  system. 
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3. 5. 1.9.  Check  operation  of  the  cage  type  float 
switch.  Water  level  in  pan  should  be 
4 to  5"  below  center  of  the  overflow  pipe. 

3.5.2.  Absorption  Generator  Pre-Start  Requirements 

3. 5. 2.1.  Initial  lithium  bromide  and  octyl  alcohol 
charge  are  to  be  done  under  the  direct 
supervision  of  the  manufacturer's  service 
representative . 

3. 5. 2. 2.  Operational  start-up  is  to  be  in  accordance 
with  the  Manufacturer's  recommendation. 

3. 5.2. 3.  All  systems  sequence  of  operation  and  temp- 
erature control  operations  must  be  checked 
out. 


Motor  and  Pump  Rotation 


4.  MOTOR  AND  PUMP  ROTATION 

4 . 1 General  Procedures  Applicable  to  Motor  and  Pump 

Systems : 

4.1.1  Inspect  equipment  for  signs  of  damage. 

4.1.2  Check  alignment  with  a straight  edge  of  all  drive 
driven  sheaves.  The  top,  bottom  and  side  alignment 
should  be  checked.  Flexible  couplings  where  used 
do  not  compensate  for  misalignment. 

4.1.3  Rotate  shifts  by  hand  to  be  sure  they  rotate  freely. 

4.1.4  Check  electrical  wiring  diagrams  and  nameplate  data 
to  insure  correct  connections.  Starting  and  over- 
load devices  if  used  should  match  electrical  charac- 
teristics of  the  motor. 

4.1.5  The  motor  and  pump  bearings  must  be  lubricated  with 
grease  and  with  No.  2 mineral  base  of  lithium  base 
petroleum  grease. 

4.1.6  Tighten  plugs  in  gauge  and  drain  taps.  If  pump  is 
fitted  with  pressure  gauges,  keep  gauge  cocks  closed 
when  not  in  use. 

4.1.7  Check  that  suction  and  discharge  piping  are  inde- 
pendently supported  by  pipe  hangers  or  other 
supports  near  the  pump  and  are  porperly  aligned  so 
that  no  strain  is  transmitted  to  the  pump  when  the 
flange  bolts  are  tightened. 

4.1.8  Check  all  flange  bolts  to  be  sure  they  are  securely 
tightened. 

4.1.9  Check  rotation  by  briefly  supplying  power  to  the 
motor.  Motor  shaft  must  rotate  in  direction  indi- 
cated by  arrow  cast  in  pump  body.  Be  sure  that 
the  rotation  is  correct  for  direction  of  flow 
desired.  Measure  voltage  and  current  to  be  sure 
it  matches  nameplate  data  requirements. 

4 . 2 General  Procedures  Applicable  to  Motor  and  Fan  Systems. 

4.2.1  The  procedures  outlined  under  Sections  4.1.1  to 
4.1.4  are  generally  applicable  to  motor  operated 
fan  systems  and  are  to  be  carried  out. 

4.2.2  Fans : 


4.2.2. 1 


Manually  check  for  free  rotation. 


Motor  and  Pump  Rotation  (Continued) 


4. 2. 2.2  Check  that  fan  wheel  is  centered  in 
housing. 

4. 2. 2. 3 Check  that  all  bolts  and  mats  are  tight. 

4. 2. 2. 4 Check  horizontal  and  vertical  bearing 
alignment . 


4. 2. 2. 5 Bearing  and  fan  wheel  set  screws  should 
be  tight. 

4. 2. 2. 6 Check  alignment  of  pulleys  and  belts. 

For  proper  alignment,  using  a straight 
edge,  points  of  contact  must  be  made  with 
the  outer  faces  of  both  pulleys. 

4. 2. 2. 7 Belt  drives  are  not  factory  adjusted.  The 
belts  should  be  tensioned  until  pressing 
against  the  belt  midway  between  pulleys, 
will  deflect  the  belt  about  one-half  (1/2) 
inch  with  moderate  pressure. 

4. 2. 2. 8 Lubricate  fan  and  motor. 

4. 2. 2. 9 Check  for  correct  rotation  and  any  excess 
vibration  by  briefly  applying  power  to  the 
unit . 


4. 2. 2. 9.1  Presence  of  excess  vibration 

will  require  that  the  fan  wheel 
be  rebalanced. 


- 25  - 


Draining  and  Recleaning 


5.  DRAINING  AND  RECLEANING 

5.1  Air  Systems 

5.1.1  Check  finned  intercoolers  for  dust  deposits.  Blow 
clean  with  compressed  air. 

5.1.2  Check  V belt  drive  for  correct  tension. 

5.1.3  Clean  air  intake  filters  and  line  strainers. 

5.1.4  Manually  open  drain  cocks  on  dryers  under  pressure 
to  clean  out  collected  sediment. 

5.1.5  Start  compressors  and  check  motors  for  rated  voltage 
and  amperage. 

5.1.6  Check  gauge  readings  to  verify  that  rated  air 
pressure  and  air  quantities  are  being  delivered. 

5.2  Oil  Systems 

5.2.1  Diesel  Fuel  Oil  System 

5. 2. 1.1  Clean  all  strainers. 

5. 2. 1.2  Replace  all  throw  away  filters. 

5.2.1. 3 Drain  day  tanks. 

5.2.1. 3.1  Blow  out  all  lines  with  com- 
pressed air  to  make  sure  they 
are  clean. 

5. 2. 1.3. 2 Flush  tank  with  hot  water  under 
pressure  to  loosen  and  remove 
scale  or  sediment. 

5. 2. 1.3. 4 Use  compressed  air  to  dry  out 
tank . 

5.2.2  Lubricating  oil  system 

5. 2. 2.1  Clean  system  following  procedures  out- 
lined in  Section  5.2.1. 

5 . 3 Boi lers 

5.3.1  Drain  the  pressure  vessel,  remove  the  handhole 

and  manhole  covers  and  inspect  the  internal  water- 
side surfaces  for  signs  of  corrosion,  pitting  or 
formation  of  deposits. 
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Draining  and  Recleaning  (Continued) 

5.3.2  Flush  out  the  interior  with  water  using  high  pressure 
hose.  If  deposits  are  not  completely  removed  check 
with  feedwater  treatment  company  for  proper  procedure. 

5.3.3  Check  water  meter  readings  to  determine  if  there 
are  system  water  leaks. 

5.4  Piping  Systems 

5.4.1  All  hot  water,  after  cooler  water  condenser  water, 
chilled  water,  water  makeup  piping  systems  are  to 
be  drained  and  cleaned  as  outlined  below: 


5. 4. 1.1  Drain  system.  Clean  all  strainers,  dirt 
pockets  and  flush  out  all  drains. 

5. 4. 1.2  Clean  piping  system  using  procedure  out- 
lined in  Sections  2. 5. 2. 3 through 

2. 5.2. 7,  Initial  Cleaning,  Cleaning  of 
the  Heat  Exchangers . 

5. 4. 1.3  Pressure  gauges  should  be  disconnected 
from  the  system  during  cleaning  procedures 
and  then  reconnected. 


5.5  Cooling  Towers 


5.5.1 

Check  fan  and  motor  bearings  and  lubricate 

i f 

necessary,  check  tightness,  and  adjustment 
ing  collars. 

of  lock- 

5.5.2 

Check  belt  adjustment. 

5.5.3 

Clean  strainer. 

5.5.4 

Clean  and  flush  pan. 

5.5.5 

Check  fan  and  air  inlet  screens  and  remove 
dirt  or  debris. 

any 

5.5.6 

Check  bleed  water  valve  to  insure  it  is  not 
with  dirt. 

clogged 

5.6  Duct  Systems 


5.6.1 


Check,  vacuum  clean,  and  re-install  all  filters. 


Balancing 
6 . BALANCING 

6 . 1  Circulating  Water  Systems 


6.1.1  General 


6. 1.1.1  The  systems  shall  be  completely  installed 
and  in  continuous  operation  as  required  to 
accomplish  the  test,  adjust  and  balance 
work  specified. 

6.1. 1.2  List  all  mechanical  specifications  of 
tested  equipment  and  verify  against  latest 
approved  plans  and  specifications. 


6. 1.1. 3  Open  all  line  valves  to  full  open  position. 


6. 1.1. 4  For  each  pump  test  and  record  pump  shut- 
off head  and  pump  wide-open  head.  Com- 
pare with  manufacturer's  pump  curve.  Plot 
new  curve  if  there  are  significant  dif- 
ferences. 


6. 1.1. 5 Verify  proper  water  level  in  expansion 
tanks  and  in  the  system. 

6. 1.1. 6 Verify  that  air  vents  in  high  points  of 
water  systesms  are  operating  freely. 

6.1.2  Hot  Water  System 

6. 1.2.1  Verify  that  all  valves  are  set  for  normal 
operation . 

6. 1.2. 2 Verify  that  the  correct  water  level  is 
maintained  in  the  boilers.  Operate  boilers 
initially  at  low  rate  and  adjust  for  load 
changes  until  maximum  load  demand  is  met. 


6.1.2. 3  Adjust  rate  of  flow  of  the  primary  hot 
water  pumps  to  approximately  15%  above 
design  conditions.  Record  pressure  gauge 
readings.  Pumps  should  be  operating  air- 
free  and  without  cavitation.  If  unreliable 
readings,  as  a reference  check  on  the 
pump  operating  point.  Use  a watt  meter 
to  determine  wattage  draw.  Use  wattage, 
pump  efficiency  and  pump  curves  to  deter- 
mine pump  brake  horsepower  and  operating 
point . 


6. 1.2. 4  Verify  that  water  flow  through  the  boilers 
is  equal  to  or  better  than  the  design 
minimum . 
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6. 1.2. 5 

6. 1.2. 6 

6. 1.2. 7 

6. 1.2. 8 

6 . 1. 2 . 9 

6.1.2.10 

6.1.2.11 

6.1.2.12 

6.1.2.13 

6.1.2.14 

6.1.2.15 

6.1.2.16 


Adjust  flow  of  water  through  boilers 
to  design  rate. 

Adjust  boiler  to  design  operating 
temperatures . 

Observe  entering  and  leaving  boiler  water 
temperature . 

Check  rate  of  flow  through  heat  exchangers 
and  entering  and  leaving  temperatures 
against  specified  design  conditions. 

Verify  water  flow  through  engine  system 
and  check  against  specified  design  condi- 
tions . 

Hake  all  necessary  re-adjustments  to 
primary  hot  pumps  to  achieve  specified 
flov;  and  temperature  conditions  through 
the  heat  exchangers  and  engines.  Record 
entering  and  leaving  water  temperatures. 

Record  pump  operating  suction  and  discharge 
pressures  and  final  dynamic  head.  Record 
rated  electrical  amperage  and  actual 
running  amperage  for  each  pump  motor. 

Verify  correct  operation  of  standby  pri- 
mary hot  water  pump.  System  should  be 
in  balance  when  any  two  of  the  primary 
pumps  are  in  use. 

Adjust  flow  rate  of  secondary  hot  water 
pumps  to  approximately  15?  above  design 
conditions.  Record  pressure  gauge 
readings.  Pumps  should  be  operating  air- 
free  and  without  cavitation. 

Check  flow  through  absorber.  Check  inlet 
and  outlet  temperatures  and  rate  of  flow. 

Adjust  f 1 ov/  as  required  to  achieve  speci- 
fied design  conditions.  Re-adjust 
secondary  pump  operation  as  required. 

Record  entering  and  leaving  water  tempera- 
tures . 

Verify  correct  operation  of  standby 

secondary  hot  water  pump.  System  should 

be  in  balance  when  any  two  of  the  - -*< 

secondary  pumps  are  in  use. 


Balance  (Continued) 


6.1.2.17  Check  entire  primary  hot  water  system  for 
any  changes  in  operating  conditions. 

6.1.2.18  Re-adjust  primary  and  secondary  systems 
as  required  to  obtain  conditions  called 
for  in  the  specifications. 

6.1.2.19  Record  pump  operating  suction  and  discharge 
pressures,  and  final  dynamic  head.  Record 
rated  electrical  amperage  and  actual 
running  amperage  for  each  pump  motor. 

6.1.3  Condenser  Water  System 

6. 1.3.1  Set  valves  for  normal  system  operation. 

6. 1.3. 2 Adjust  rate  of  flow  of  the  cooling  tower 
pumps  to  approximately  15%  above  design 
conditions.  Record  pressure  gauge  read- 
ings. Pumps  should  be  operating  air-free 
and  without  cavitation. 

6. 1.3. 3 Observe  and  measure  flow  through  cooling 
tower. 

6.1. 3.4  Check  absorber  condenser  circuit  for 
inlet  and  outlet  temperatures  and  water 
flow  rate. 

6. 1.3. 5 Make  all  necessary  re-adjustments  to 
cooling  tower  pumps  to  achieve  specified 
conditions  through  condenser. 

6. 1.3. 6 Verify  correct  operation  of  standby  cool- 
ing tower  pump.  System  should  be  in 
balance  when  any  two  of  the  cooling  tower 
pumps  are  in  use. 

6. 1.3. 7 Record  condenser  inlet  and  outlet  tempera- 
ture and  rate  of  flow. 

6. 1.3. 8 Record  pump  operating  suction  and  dis- 
charge pressures  and  final  dynamic  head. 
Record  rated  electrical  amperage  and  actual 
running  amperage  for  each  pump  motor. 

6.1.4  Chilled  Water  System 


6. 1.4.1  Verify  status  of  chilled  water  distribution 


Balancing  (Continued) 


6.1.5 
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6. 1.4. 2 


6. 1. 4. 3 

6. 1.4. 4 


6. 1.4. 5 

6. 1.4. 6 

6. 1.4. 7 


Raw  Water 

6.1. 5. 1 

6 . 1. 5. 2 


6. 1. 5. 3 

6. 1.5. 4 

6. 1.5. 5 


6.1.5 
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Adjust  rate  of  flow  of  chilled  water  pump 
to  approximately  15%  above  design  condi- 
tions. Record  pressure  gauge  readings. 
Pumps  should  be  operating  air-free  and 
without  cavitation. 


Determine  water  flow  rate  through  absorbers. 

Make  all  necessary  re-adjustments  to  the 
chilled  water  pump  to  achieve  specified 
conditions  through  the  absorbers. 

Verify  correct  operation  of  system  when 
utilizing  the  standby  chilled  water  pump. 

Record  absorber  inlet  and  outlet  chilled 
water  temperatures. 

Record  pump  operating  suction  and  discharge 
pressures  and  final  dynamic  head.  Record 
rated  electrical  amperage  and  actual 
running  amperage  for  each  pump  motor. 

System 

Set  valves  for  normal  system  operation. 


Adjust  rate  of  flow  of  raw  water  pumps  to 
approximately  15%  above  design  conditions. 
Pumps  should  be  operating  air-free  and 
without  cavitation. 


Determine  rate  of  flow  through  engine  oil 
and  after  cooler  system. 

Determine  rate  of  flow  through  Dry  Cooler. 


Determine  rate  of  flow  through  heat 
exchangers.  Measure  inlet  and  outlet 
water  temperatures. 


Make  all  necessary  re-adjustments  to  the 
raw  water  pumps  to  achieve  specified  flow 
and  temperature  conditions  through  the 
heat  exchangers  and  the  engines.  Record 
entering  and  leaving  water  temperatures. 

Verify  correct  operation  of  standby  raw 
water  pump.  System  should  be  in  balance 
when  any  two  of  the  raw  water  pumps  are 
in  use. 


6. 1 .5. 7 


Balancing  (Continued) 


6. 1.5. 8 

6. 1. 5. 9 

6.1.5.10 

6. 1. 5. 11 

6.1.5.12 

6.1.5.13 

6 . 2 Air  Systems 

6.2.1  General 
6. 2. 1. 1 

6. 2. 1. 2 
6 .2. 1.  3 

6. 2. 1. 4 

6. 2. 1. 5 


Adjust  rate  of  flow  of  pump  to  approximately 
15%  above  design  conditions. 

Balance  flow  of  water  to  the  heating  coil 
and  reheat  coils  to  design  specifications. 
Re-adjust  pump  as  required. 

Record  entering  and  leaving  water  temperatures. 

Check  main  raw  water  loop  for  any  changes 
in  operating  conditions. 

Re-adjust  entire  system  as  required  to 
obtain  specified  conditions. 

Record  pump  operating  suction  and  discharge 
pressures  and  final  dynamic  head.  Record 
rated  electrical  amperage  and  actual 
running  amperage  for  each  pump  motor. 


The  systems  shall  be  completely  installed 
and  in  continuous  operation  as  required 
to  accomplish  the  test,  adjustment  and 
balance  work  specified. 

The  work  shall  be  performed  when  outside 
conditions  approximate  design  conditions 
specified  for  heating  and  cooling  functions. 

Make  a list  of  all  equipment  to  be  tested 
including  manufacturer's  name,  type,  and 
size  of  unit  and  rating. 

Set  all  main  duct  and  branch  duct  dampers 
of  supply  and  exhaust  systems  to  maximum 
position. 

Set  all  diffuser  and  return  outlet  dampers 
for  maximum  volume. 


6. 2. 1.6  Clean  all  fitters  as  required. 

6. 2. 1.7  Close  all  outside  doors  and  windows. 


6.2. 1.8  Secure  outside  air  dampers  and  recirculat- 
ing damper  at  minimum  outside  air  settings. 
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6. 2. 1.9  Start  all  fans. 

6.2.1.10  Take  tachometer  readings  of  all  fans  and 
set  fan  speeds  to  design  RPM. 

6.2.1.11  Check  and  record  all  motor  name  plate  data, 
starter  heater  ratings  and  actual  running 
amperage  and  voltage.  Check  motor  and 

fan  in  accordance  with  Section  4.2,  motor 
and  fan  rotation. 

6.2.2  Supply  System  - Engine  Generator  and  Boiler  Room 

6. 2. 2.1  Test  and  adjust  as  required  fan  RPM  to 
design  conditions. 

6. 2. 2. 2 Measure  delivered  CFM  at  branch  duct  outlet 
farthest  from  the  fan.  Calculate  ratio  of 
delivered  CFM  to  design  CFM. 

6. 2. 2. 3 Measure  delivered  CFM  and  calculate  ratio 
of  delivered  CFM  to  design  CFM  for  the  next 
outlet  in  the  duct  branch.  Adjust  outlet 
damper  to  get  approximately  the  same 
delivered  to  design  CFM  ratio  as  obtained 
at  the  farthest  outlet. 

6. 2. 2. 4 In  like  manner  adjust  each  succeeding 
outlet  in  the  branch  duct  to  get  approxi- 
mate balance  based  on  the  ratio  of 
delivered  to  design  CFM. 

6.2.2. 5 Repeat  above  procedure  for  each  branch. 

6. 2. 2. 6 Balance  branches  with  one  another  by  first 
selecting  one  outlet  in  the  first  branch 
to  balance  with  an  outlet  in  the  second 
branch.  Balance  the  outlets  based  on  the 
ratio  of  delivered  to  design  CFM.  In  like 
manner  continue  until  the  entire  system  is 
proportionally  balanced. 

6. 2. 2. 7 Record  preliminary  CFM  at  each  outlet 
during  initial  proportional  balancing. 

6. 2. 2. 8 Measure  total  delivered  CFM  at  fan  and 
adjust  as  required  to  obtain  total  design 
CFM. 

6.2.2. 9 Make  final  adjustment  on  all  outlets  to  ob- 
tain design  conditions. 


Balancing  (Continued) 
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6.2.2.10  Record  supply  fan  and  outlet  CFM. 

6.2.2.11  Record  final  supply  fan  running  amperage 
and  voltage. 

6.2.3  Supply  System  - Oil  Pump  Room 


6. 2. 3.1  Test  and  adjust  supply  fan  to  meet  design 

requirements  for  CFM.  Record  data 

as  called  for  in  preceding  section. 

6.2.4  Exhaust  System 

6. 2. 4.1  Test  and  adjust  each  exhaust  fan. 

6. 2. 4. 2 Measure  CFM  and  if  not  within  10%  of 
design  requirements,  adjust  fan  speed 
accordingly . 

6. 2. 4. 3 Measure  air  velocity  at  each  return  and 
adjust  as  necessary  to  obtain  design  air 
vo  1 ume . 

6. 2. 4. 4 Check  exhaust  fan  total  CFM  and  adjust 
for  design  requirements. 

6. 2. 4. 5 Make  final  adjustment  of  exhaust  returns. 

6. 2. 4. 6 Record  motor  name  plate  data,  fan  RPM  and 
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7.  TESTING  - ENGINE-GENERATOR 


7 . 1 Engine-Generator 


7.1.1  The  engine-generators  should  be  checked  for  correct 
electrical  and  mechanical  installation.  Check  all 
wiring  against  the  latest  approved  wiring  diagrams. 
Check  point  to  point  continuity  using  ohmmeter. 
Individually  check  and  test  engine-generator  in 
accordance  with  the  following  procedures: 


7. 1.1.1  Make  pre-start  check  on  each  unit  in 
accordance  with  the  instructions  outlined 
in  the  engine  manufacturer's  operation 
guide  manual. 

7. 1.1. 2 Connect  3 phase  load  bank  system  to 
engine-generator  for  manual  test  purposes. 

7. 1.1. 3 Connect  to  the  engine-generator  the 
portable  engine  test  control  box  fur- 
nished by  control  manufacturer.  Operat- 
ing instructions  should  be  furnished 
with  the  test  unit. 


7. 1.1. 4  Check  that  all  control  wiring  is  correctly 
installed  using  procedures  outlined  in 
the  control  manufacturer's  installation 
and  service  manual. 


7. 1.1. 5 Perform  engine  operation  adjustments 
outlined  in  the  manufacturer's  operation 
guide  manual. 

7. 1.1. 6 Perform  engine  operation  check  called  for 
in  the  control  manufacturer's  installation 
and  service  manual.  Utilize  the  test 
control  box  furnished  by  them. 


7. 1.1. 7  It  is  essential  that  all  units  are  set 

up  to  have  the  same  phase  rotation,  same 
speed  capabilities  and  same  voltage 
characteristics . 


7 . 2 Engine  Control  System 

7.2.1  Completely  check  installation  of  the  control  system 
in  accordance  with  the  procedures  outlined  for 
installation  in  the  control  manufacturer's  installa- 
tion and  service  manual. 

• M 
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7.2.2  Study  the  installation  and  service  manual  to  become 
thoroughly  familiar  with  operating  procedures  in 
order  to  effectively  utilize  the  system. 

7.2.3  Phase  rotation  is  extremely  important.  Correct 
phase  connections  are  marked  on  the  back  of  each 
control  system  circuit  breaker.  Use  phase  rotation 
meter  and  check  in  accordance  with  installation  and 
service  manual  procedures. 

7.2.4  All  engine-generators  must  be  tested  in  manual 
mode  before  testing  automatic  control  system. 

7. 2. 4.1  Use  load  banks  for  initial  test  purposes. 
Provide  a balanced  load  not  to  exceed 
name  plate  rating  of  unit. 

7. 2. 4. 2 Separately  check  and  test  each  engine- 
generator  in  accordance  with  the  test 
procedures  outlined  in  the  installation 
and  control  system  manual,  installation 
check  out . 

7. 2. 4. 3 Manually  check  and  test  combined  operation 
of  engine-generators  in  accordance  with 
the  procedures  outlined  in  the  control 
system  manual,  manual  paralleling. 

7. 2. 4. 4 Refer  to  the  Specifications  for  Engine- 
Generators  of  Total  Energy  Plant,  Field 
Testing  and  STarting.  All  instructions 
and  tests  called  for  should  be  carried 
out . 

7. 2. 4. 5 Complete  all  manual  system  tests  called 
for  in  the  installation  and  control 
system  manual. 

7 . 3  Lubrication  and  Maintenance 

7.3.1  Carry  out  all  required  lubrication  and  maintenance 
called  for  in  the  manufacturer's  operation  guide 
manual.  Check  all  gauges  and  meters  in  accordance 
with  manufacturer's  recommendations. 


7 . 4  Total  System  Testing 

7.4.1  Set  control  system  for  fully  automatic  operation. 

7.4.2  Use  the  three  phase  banks  for  test  purposes. 


I 
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7.4.3  Conduct  tests  of  systems  following  procedures  out- 
lined in  the  control  manufacturer's  installation  and 
service  manual. 

7.4.4  Keep  the  electrical  load  balanced.  Check  that  the 
current  flow  per  phase  does  not  exceed  the  name 
plate  rating. 
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8.  TESTING-POWER  DISTRIBUTION 

8 . 1 TUS  Building 

8.1.1  Check  all  circuits  and  electrical  equipment  for 
grounds,  shorted  or  open  circuits,  and  proper 
functioning.  All  temporary  connections  should  be 
replaced  with  final  permanent  connections. 

8.1.2  Make  insulation  resistance  tests  on  all  feeder  cable 
as  well  as  all  motor  leads  and  control  wiring.  Make 
tests  between  conductors  and  between  conductor  and 
ground . 

8.1.3  Interconnect  building  bus  system  and  engine-generator 
control  system. 

8.1.4  Carefully  check  interlocking,  control,  and  instru- 
mentation wiring  for  each  system  and/or  part  of 
system  to  ascertain  that  the  system  will  function 
properly  as  indicated  by  schematic  and  wiring  diagrams 

8.1.5  Measure  panel  loads  for  balanced  conditions.  Make 
changes  required  to  provide  load  balance. 

8 . 2 Site  Electrical  System 


8.2.1  Assist  Site  Contractor  in  checking  electrical  system. 

8.2.2  Check  all  circuits  and  electrical  equipment  for 
grounds,  shorted  or  open  circuits  and  proper  func- 
tioning. Check  is  to  include  wiring  from  public 
utility  transformer  vault,  the  emergency  switch- 
board, and  all  distribution  feeders. 

8.2.3  Make  insulation  resistance  tests  on  all  feeder  cable 
as  well  as  all  motor  leads  and  control  wiring.  Make 
tests  between  conductors  and  between  conductor 

and  ground. 

8.2.4  Carefully  check  interlocking,  control,  and  instru- 
mentation wiring  for  each  system  and/or  part  of 
system  to  ascertain  that  the  system  will  function 
properly  as  indicated  by  schematic  and  wiring  diagrams 

8.2.5  Check  rotation  of  all  motors. 
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PLANT  START-UP 


9 . 1 Water  Systems 

9.1.1  Check  water  system  for  signs  of  leaks.  Check  that 
all  water  treatment  facilities  are  in  operation. 
Record  all  water  meter  readings  in  log  book. 

9 . 2 Engine  Start-Up 

9.2.1  Perform  required  periodic  maintenance  on  engines. 

Make  walk-around  check  of  the  installation.  Make 
pre-start  checks  called  for  in  manufacturer's  opera- 
tion guide  manual. 

9.2.2  Refer  to  operating  instructions  of  the  control 
manufacturer's  installation , and  service  manual. 

Start  system  in  normal  mode  of  operations. 

9.2.3  Immediately  start  equipment  connected  to  essential 
system  motor  center. 

9.2.4  With  system  operating  normally,  start  adding  TUS 
Building  load  onto  the  system. 

9.2.5  Energize  site  electrical  distribution  system. 

9.2.6  Adjust  Time  Reference  Control.  Refer  to  installation 
and  service  manual  for  method. 


9.3  Operating  Procedure 


9.3.1  Commence  normal  operating  and  maintenance  procedures 
as  called  for  in  the  operating  and  maintenance 
manuals . 
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